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TO  THE  MEMBERS 


OF  THE 

ROYAL  INSTITUTION  01  GREAT  BRITAIN. 

 ►  4-  ... 

In  publishing  the  following  Biographical 
Notice j  Lt-  Colonel  Jeffreys  has  had  primarily  in 
view  its  Circulation  among  the  Members  of  the 
different  Learned  Societies  with  whom  his 
brother  is  connected,  and  to  whom  the  moral, 
as  well  as  scientific  reputation  of  their  members, 
individually,  cannot  be  a  matter  of  in- 
difference. 

But  it  is  the  Members  of  the  Royal  Institu- 
tion whose  attention  he  more  particularly  re- 
quests to  the  circumstances  detailed  in  p.  12,  et 
sequent. 

He  does  not  doubt  that  it  must  be  the  earnest 
desire  of  every  Member  that  the  Institution 
should,  as  far  as  possible,  be  sacred  to  truth  of 
all  kind.      He  does  not  presume  to  inquire 


whether  such  a  lecture  as  that  delivered  on  the 
2nd  of  March  last,  can,  on  account  of .  some 
points  of  undoubted  value  and  interest  in  it, 
be  viewed  by  the  Council  as  worthy  qf  the 
Institution,  though  containing  various  unsound 
and  even  contradictory  statements;  but  he 
is  bound  to  inquire  whence  it  should  hap- 
pen that  a  libellous  statement,  so  opposed  to 
truth  and  so  injurious,  as  that  confuted  in  p.  14, 
could,  not  only  be  put  forth  from  the  Theatre, 
but  be  afterwards  published  in  the  Proceed- 
ings, and  thereby  given  the  authority  and 
durability  of  its  permanent  records ;  and  this 
with  its  earlier  records,  and  with  a  copy  of 
the  Patent  Office  records  at  hand  in  the  library 
by  which  to  correct  it ! 

Colonel  Jeffreys  cannot  doubt  that  every 
member  of  the  Institution  to  whom  this  fact 
shall  become  known,  will  desire  the  error  shall 
be  promptly  corrected. 
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While  the  reader  who  shall  favor  these  pages  with  a  perusal, 
will  notice  the  variety  and  the  importance  of  the  subjects  com- 
prised in  the  labours  I  have  briefly  sketched,  and  may  find  many 
interesting  points  of  inquiry  suggested,  I  beg  to  explain  that  the 
grounds  upon  which  his  attention  is  solicited  to  them  are  private 
and  personal. 

I  feel  assured  that  every  one  possessed  of  fraternal  feelings  Reasons  for 
will  enter  into  and  justify  those  which  prompt  me  to  step  forward  ^  }l0&*~ 

j      ix.    r  n      •  v  plucalnotice 

under  the  following  peculiar  circumstances.  r 

While  the  great  utility  of  my  brother's  inventions  have  on 
the  one  hand  led  to  an  unavoidable  publicity,  his  retired  habits 
and  state  of  health,  have,  on  the  other,  caused  him  to  neglect 
seeking  that  position  before  the  public  to  which  his  pursuits  and 
character  have  assuredly  entitled  him,  and  which  would  have 
guarded  them  from  erroneous  and  invidious  remarks. 

Even  within  the  last  and  present  year,  an  individual  occupy- 
ing the  respectable  position  ,of  a  lecturer  on  (Jhemistry,  having 
become  popularly  associated  with  a  question  of  sanitary  interest, 
has  taken  various  occasions  in  connexion  with  the  subject  of 
Kespiration,  to  publish  statements  respecting  my  brother,  which 
had  they  any  real  foundation  whatever,  would  compromise  not 
merely  his  scientific  but  his  moral  reputation  also. 

It  is  not  from  any  weight  attaching  to  this  person  that  I  should 
have  thought  such  statements  demanded  notice,  but  because,  while 
he  is  by  no  means  the  first,  he  is  the  most  forward  assailant 
of  one  who  need  desire  nothing  more  than  that  his  pursuits 
through  life  should  be  thoroughly  known.  Not  satisfied  with 
having  obtained  for  some  of  his  statements  the  universal  publicity 
of  "  The  Times "  newspaper,  he  has  availed  himself  of  the 
opportunity,  in  giving  a  lecture  at  the  Royal  Institution,  to 
promulgate  them  from  its  theatre  as  ex-cathedra,  and  to  advertise 
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the  lecture  afterwards  before  the  public,  who  are  not  at  all  aware 
that  the  Council  of  the  Institution  repudiate  all  responsibility  as 
to  the  correctness,  or  otherwise,  of  the  .statements  of  the  Friday 
Evening  Lecturers. 

A  bare  statement  of  unanswerable  facts  would  show  this 
lecturer  to  have  "placed  himself  between  the  horns  of  a  very 
unenviable  dilemma,  which  I  refrain  from  specifying,  on  points 
both  moral  and  scientific ;  but  I  think  more  than  this  is  desirable 
to  put  my  brother  in  a  right  position  with  the  public,  before  whom 
he  has  been  so  unwarrantably  arraigned.  Possessing  such  ample 
materials  as  those  condensed  into  the  following  pages,  I  cannot 
but  feel  myself  challenged  to  put  them. forth  in  the  form  of  a 
biographical  sketch,  which  cannot  fail  to  prove  abundantly  con- 
futative  of  invidious  remarks,  from  whatsoever  quarter  they  may 
proceed. 

Mr.  Jeffreys        Mr.  Julius  Jeffreys,  born  at  Hall  Place  in  Kent,  is  the  fourth* 

f rofessionaf  S0TL  °^  ^a*e  ^ev'  -^icnar(l  Jeffreys,  who  succeeded  his  father, 
pursuits,  as  Rector  of  Throckirig,  in  Hertfordshire,  and  was  also  for  some 
years  a  Chaplain  on  the  East  India  Company's  Bengal  Establish- 
ment. In  a  private  circle,  to  whom  his  retired  habits  confined 
him,  he  was  well  known  as  a  profound  mathematician  and  classic. 
Most  of  his  sons  were  educated  by  him. 

My  brother  studied  medicine  in  Edinburgh  and  London,  and 
prompted  by  recollections  of  India  from  childhood,  looked  to  it  as 
a  field  offering  inviting  opportunities  for  the  cultivation  of  physical 
and  experimental  science,  to  which  he  was  ardently  attached ;  at 
the  age  of  twenty-one  he  obtained  from  a  friend  in  the  India  Direc- 
tion an  appointment  in  1822  on  the  Medical  Establishment  of 
Bengal. 

Essay  on  the  Prior  to  his  leaving  England  he  published,  an  essay  con- 
oHhtSs  ^cted  Avith  a  complex  subject— The  mechanism  of  the  chief 

and  Muscles. 

joints  and  muscles  of  the  human  body.  Amongst  several  fa- 
vourable f  notices  of  it  were  the  following  from  of  the  three 
most  eminent  surgeons  of  the  day — Mr.  Travers,  Sir  Astley 
Cooper,  and  Mr.  Abernethy ;  with  the  two  former  of  whom  he 
was  wholly  unacquainted,  and  but  slightly  with  the  latter.  In 
writing  therefore  in  the  following  kind  and  flattering  terms  they 
could  have  been  influenced  only  by  the  merits  of  the  work. 

*  The  family  was  numerous,  fourteen  having  grown  up,  six  sons,  and  eight 
daughters.  Of  the  sons,  three  entered  the  Church,  the  eldest  having  been 
Archdeacon  of  Bombay,  two  having  held  fellowships  at  Cambridge,  and  one 
naving  been  especially  distinguished  as  a  mathematician.  Two  entered  the 
rt"U'r  vT7'  and  °ne' the  subject  of  this  notice,  the  medical  profession.  Of 
SprvinUg  A  tw°  n?1!Fied  clergymen ;  two,  members  of  the  Indian  Civil 
service  ;  and  two,  Military  officers. 
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From  BENJAMIN  TRAVERS,  Esq.,  F.R.S. 

"  New  Broad  Street, 

"  April  24th,  1822. 
"  My  dear  Sir. — I  have  perused  this  little  volume  with  much  instruction  and 
"  pleasure.  I  have  no  hesitation  in  saying  that  the  author  demonstrates  his 
"  statements  very  satisfactorily  ;  and  I  can  only  express  my  regret  at  his 
"  leaving  Europe,  both  on  professional  and  personal  considerations.  We  have 
"  very  few  young  men  equally  competent  to  inform  us. 

"  Yours,  always  sincerely, 

(Signed,)     «  B.  TRAVERS." 

"  Wm.  Smith,  Esq.,  M.P." 

From  SIR  ASTLEY  COOPER.,  Babt. 

"  May  18th,  1822. 

"  My  dear  Sir, — Pray  make  my  best  compliments  and  thanks  to  Mr.  Jeffreys, 
"  and  congratulate  him  upon  the  golden  promises  of  his  son.  The  work 
"  evinces  a  great  deal  of  thought  and  talent. 

"  Believe  me,  yours  truly, 

(Signed,)     »  ASTLEY  COOPER." 

"  J.  Dobson,  Esq." 

From  JOHN  ABERNETHY,  ESQ. 

"  Bedford  Row, 

"  16th  May,  1822. 

"  Dear  Sir, — I  think  that  Mr.  Julius  Jeffreys's  book  will  do  him  credit  with 
"  the  profession,  for  it  shows  a  considerable  extent  of  anatomical  knowledge, 
"  and  also,  that  he  is  a  thinking  and  reasoning  character.  Moreover,  I  believe 
"  that  his  readers  will  all  acknowledge  the  truth  of  his  facts  and  arguments. 

"  I  should  have  written  to  him  to  thank  him  for  his  book,  but  that  I  knew 
"  not  his  address.  I  request  then,  that  you  may  express  my  thanks,  accompanied 
"  with  my  good  wishes. 

"  I  remain,  Dear  Sir, 

"  Respectfully  and  sincerely  yours, 

(Signed,)     "  JOHN  ABERNETHY." 

"  —  Lloyd,  Esq." 

Having  been  dissatisfied,  from  his  first  attendance  on  chemical  Essa7o: 
lectures  in  the  University,  with  the  popular  account  given  in  them, 
and  in  treatises  on  Chemistry  of  the  statical  condition  of  the 
molecules  of  matter  in  its  three  states— solid,  liquid,  and  gaseous — 
that  in  the  first  the  force  of  attraction  is  much  superior  to  that  of 
repulsion  ;  in  the  second,  that  they  are  nearly  balanced  ;  and  in 
the  third,  that  the  repulsion  is  much  the  greater  force  ;  as  being 
not  only  insufficient,  as  any  attempt  in  the  existing  state  of 
knowledge  must  be,  but  unphUosophical  as  proposing  an  impossible 
condition  in  the  two  first  states  of  matter,  he  made  this  branch  of 
natural  philosophy  a  subject  of  much  study  and  thought,  and 
collected  his  inquiries  into  an  essay  in  1821-2,  the  object  of  which 
was  to  clear  the  ground  of  imperfect  arguments,  and  to  offer  a 
hypothesis  which  appeared  reasonable  to  explain  the  case.  Though ' 
the  attempt  might  be  considered  presumptuous  in  one  so  young, 
and  though  he  has  had  to  correct  some  of  the  minor  arguments, 
the  main  arguments  were  viewed  very  favorably  by  more  that  one 


able  mathematician,  and  it  was  proposed  that  the  paper  should 
be  offered  to  the  Koyal  Society*    But  my  brother  left  for  India  at 
this  time,  and  his  attention  became  directed  to  the  following  subjects, 
landing  in        On  landing  in  Calcutta,  he  was  as  is  usual  attached  to  the 
InY°f :—  general  Hospital.    Cholera  and  fever  were  raging  amongst  the 
treatment  of  European  troops.    Of  H.  M.  ill  fated  44thf  regiment,  one  half 
Cholera.     were     hospital.    Eor  some  time  more  than  a  hundred  sick  fell  to 
his  charge,  besides  cholera  cases  of  an  acquaintance  in  charge  of 
an  adjoining  ward,  who  became  panic  struck  with  the  appalling 
severity  and  rapidity  of  the  disease.    An  experience  was  thus 
rapidly  acquired,  which  suggested  certain  views  as  to  a  peculiar 
state  of  the  cutaneous  capillaries  being  concerned  in  causing  the 
specific  symptoms  of  this  disease,  and  guided  his  treatment  of  it 
throughout  his  residence  in  the  country. 
Tour  in  the        After  a  year's  residence  in  India,  he  obtained  leave  to  make 
Himalaya:  a  tour  in  the  North-West  Hill   Provinces,   and  conducting 
Sanitary  meteorological  observations  in  valleys   and  on  heights  in  the 
Stations.    Himalaya  range  up  to  nearly  17,000  feet,  he  became  satisfied 
that  the  prejudice*  existing  at  the  time  against  the  climate  was 
unsound,  and  that  its  peculiar  element — a  greatly  diminished 
barometric  pressure,   as  also  its  unparalleled  equability — would 
prove  therapeutic  agents  of  much  efficacy  in  the  restoration  of 
tropical  invalids.    At  Simla,  where  only  one  house  then  existed, 
he  collected  his  observations  into  a  small  work,  recommending  the 
formation  of  sanitary  stations  there  and  elsewhere.    This  work 
received  very  favorable  attention  from  different  functionaries,  with 
an  assurance  that  the  attention  of  the  government  would  be  early 
du*ected  to  the  subject.    Accordingly  a  commission  was  appointed. 
Simla,  with  the  other  localities,  were  selected  for  sanitary  stations, 
and  it  soon  became -a  place  of  much  resort.    Many  an  invalid 
has  found  in  the  restoration  of  his  health  the  anticipated  action  of 
the  climate  to  be  fully  realized. 
Snrgical        Iu  ^e  hiUs>  navilig  by  him  only  the  ordinary  pocket  instru- 
Opcrations.  ments  of  a  surgeon,  he  removed  from  a  native  a  stcine  which  had 
passed  out  of  the  bladder  and  was  lodged  in  the  passage,  where  it 
had  grown  to  a  considerable  size,  and  made  for  itself  a  sack.  The 
rapid  recovery  of  the  sufferer,  who  was  in  a  very  critical  state, 
produced  so  wide  an  impression  on  the  people,  that  at  each  stage 
ot  my  brother's  journey,  natives  came  with  large  wens,  and  other 
external  diseases,  seeking  relief  which  could  not  be  afforded  them: 

<5«nT*f  Tf  nPEpe,r  ^as  Publisl»ed  afterwards  in  the  Journal  of  the  Asiatic 
bociety  of  Bengal.    September,  1833. 

t  Destroyed  afterwards  in  the  Koord  Cabul  pass. 

exrJLSfrt™'  a?d  GVen  the  med«cal  officers,  stationed  on  the  lowest  range, 

or  8  one fpST  63  Str°.ngl?  a?ainst  a  ^idence  on  the  higher  range  of  7,000 
or  8,000  leet,  for  any  continuance. 
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Shortly  after  his  return  from  the  hills,  he  performed  at  Agra,  on  a 
native  soldier,  with  an  early  cure,  amputation  at  the  shoulder 
joint;  both  these  are  serious  operations. 

Within  two  years  after  his  arrival  in  India,  the  governor  Appointed 
general  was  pleased  to  nominate  him  to  the  staff- surgeoncy  ofs^s^" 
Cawnpore,  the  head  quarters  of  the  field  army ;  a  post  so  much  Cawnpore. 
above  his  standing  in  the  service  as  to  have  led  to  a  remonstrance 
on  the  part  of  members'  of  the  senior  branch  of  the  profession. 
The  government,  however,  retained  him  at  his  post,  assigning  very 
flattering  reasons  for  doing  so. 

There  he  invented  the  "  Refrigerator,"  a  large  blowing  and  Invention  of 
evaporating  machine,  with  a  valvular  pendulum  piston  oscillating  ^to^efrig" 
in  a  quadrantal  chamber  free  from  friction,  for  cooling  dwellings 
and  barracks.  Of  the  principle  of  this  machine,  as  producing  the 
'*  utmost  result  from  the  power  employed,  the  late  Col.  Forbes  of 
the  Bengal  Engineers,  an  officer  of  the  highest  repute,  used  to 
speak  most  favorably.  The  large  bulk  necessary,  as  the  oscillation 
of  the  pendulum  occupied  two  seconds,  rendered  it  less  generally 
convenient  than  the  centrifugal  blowing  machine  of  Deseguilliers, 
introduced  into  India  by  Doctor  Rankin,  with  ingenious  adapta- 
tions, and  named  by  him  the  "Thermantidote." 

But  before  the  lapse  of  two  years  his  health  compelled  him  to 
exchange  to  a  less  arduous  post.  Commanding  more  leisure,  he 
renewed  his  favourite  pursuits ;  and  in  endeavouring  to  apply  the 
science  of  Europe  to  improve  some  of  the  primary  arts  of  India, 
his  efforts  were  thoroughly  successful,  and  left  nothing  wanting 
but  capital  and  enterprize  on  the  part  of  the  people  to  ensure  a 
great  advancement. 

Between  the  years  1826  and  1830,  he  introduced  the  following  Introduction 
arts,  in  a  manner  suited  to  the  exigencies^  the  country,  and  of  j^6/^]^13 
the  climate  :  1st. — Sulphuric  acid  works  built  underground  to  en- 
sure a  low  and  equable  temperature,  with  an  oxydating  apparatus 
of  a  particular  construction ;  in  these  works  the  sulphur  yielded, 
a  maximun  product.  2nd. — Vitreous  and  other  stone  pottery  for 
various  chemical  uses.  3rd. — Fire  bricks,  not  only  equal  to,  but 
surpassing  those  of  Stourbridge,  in  refractoriness  and  durability. 
Possessing  these  he  constructed  furnaces  in  great  variety,  vertical 
kilns  of  large  dimensions,  boiler  furnaces,  and  reverberatory  fur- 
naces, for  the  manufacture  of  soda  from  the  sulpho-sesquicarbonate, 
a  valuable  but  nearly  neglected  miueral,  and  for  other  purposes, 
one  very  large  one  of  a  particular  construction  for  the  refinement 
of  saltpetre  ;  in  these  different  works  which  contained  a  variety  of 
machines,  all  made  on  the  spot,  and  in  which  from  500  to  1000 
native  workmen  were  trained  and  employed  for  several  years,  my 
brother  had  no  aid  from  without,  but  had  to  devise  or  teach  him- 
self everything ;  for  he  had  seen  none  of  the  manufacturing 
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operations  in  such  arts  before  leaving  Europe  :  while  the  natives 
were  themselves  in  abject  want  of  such  information.    They  had  no 
fire-bricks,  and  therefore  no  proper  furnaces,  no  stone  pottery,  and 
nothing  but  the  commonest  ware  of  a  red  and  porous  body,  burnt 
at  a  low  red  heat  only.   They  could  not  melt  cast  iron,  nor  even 
weld  it  on  any  but  a  small  scale,  in  a  feeble  forge  ;  some  of  these 
operations  were  performed  in  the  government  works  with  means 
from  England,  but  where  unknown  to  the  natives  generally.  The 
difficulties  attendant  on  the  establishment  of  such  works,  especially 
those  of  perfect  viterous  ware  and  fire-bricks,  were    such  as 
perhaps  no  one  would  imagine.    Minerals  were  sought  from  all 
accessible  strata,  within  an  area  of  many  hundred  square  miles ; 
hundreds  of  specimens  were  analyzed,  and  many  hundred  com- 
positions made,  and  subjected  to  experiments  ;  occupying  many  a 
night  as  well  as  days,  through  a  long  period  of  time.  * 
Papers  on      H-e  subsequently  embodied,  in  different  papers,  a  variety  of 
Schools  of  arguments  to  induce  the  government,  as  an  act  of  duty  to  the 
useful  art.   people,  to  establish  schools  of  useful  art  in  India. 
Inquiries  on     His  attention  was  also  directed  to  the  arts  of  agriculture  there, 
Canal   and  and  more  especially  to  irrigation.    To  the  subject  of  canal  irrigation 
tillf  irnga"  ^s  attention  was  nrst  drawn  in  1824,  when  stationed  at  K/urnal, 
where  the  canal  of  the  Emperor  Ferozeshah  had  been  recently 
re-opened,  and  was  manifestly  a  source  of  malaria  and  sickness 
amongst  the  troops  quartered  there,  especially  amongst  the  European 
artillery,  of  whom  my  brother  then  had  charge.  On  examining  the 
course  of  the  canal,  he  became  of  opinion  that  the  constantly  varying 
level  of  the  water  was  the  chief  cause  of  the  evil :  by  alternately 
soaking  and  exposing  slimy  banks  to  the  air  and  sun.    It  was 
plainly  a  mere  act  of  carelessness  to  allow  the  irrigators  of  lands  to 
disturb  materially  the  level  of  the  water  ;  as  in  the  long  run 
more  cannot  be  drawn  out  and  evaporate  from  a  canal  than  flows 
into  it  from  its  source  of  supply,  he  became  convinced,  from 
observation,  that  a  tropical  canal  ought  at  all  times  to.be  kept  full, 
as  it  would  then  be  much  less  injurious  as  a  source  of  malaria,  and 
as  it  would  thus  be  also  available  for  navigation,  which  would 
render  it  an  additional  blessing  to  the  people,  and  source  of 
revenue  to  the  government  constructing  it,  while  the  requirements 
of  navigation  would  ensure  the  water  being  kept  at  a  proper  and 
equal  level.* 

Invention  of  And  with  respect  to  wells — -the  source  from  which  half  the 
Hydraulic  Bengal  territories  are  irrigated — having  proved  by  a  series  of 
andP  Wimt  careful  experiments  the  native  metho^  of  raising  water  from  them, 
mill.        to  be  very  wasteful  of  labour,  he  invented  more  than  one  kind  of 

*  At  the  same  time  it  would  be  prudent  not  to  carry  the  course  of  canals 
Within  two  miles  of  European  stations. 


hydraulic  apparatus  and  windmill,  of  the  originality  and  action 
of  which,  mechanicians  of  the  first  ability  have  spoken  highly. 

The  reader,  whose  attention  has  been  directed  to  the  important 
question  of  Indian  improvement  and  to  the  recent  discussions  on 
canals,  irrigation,  and  railways,  for  India,  will  not  think  a  brief 
notice  of  my  brother's  views  uninteresting. 

By  persevering  investigations,  and  at  no  small  expense  in  ex-  papers  m 
periments,  he  arrived  at  information  of  a  curious  and  important  Indian  in- 
character  on  the  state  of  the  arts  of  India  severally,  on  the  produc-  dustry.roads 
tiveness  and  waste  of  labour,  on  the  application  of  science  to  the  arts  c" 
and  industry  of  the  country,  and  the  philosophical  and  economical 
results  deducible  therefrom.    In  papers,  in  public  journals,  and  in 
letters  to  the  government,  part  of  this  was  set  forth.    From  Lord 
William  Bentinck,then  Governor-General,  he  received  a  very  polite 
and  friendly  attention,  although  he  had  reason  to  know  that  his 
lordship  had  previously  been  in  some  degree  dissatisfied  at  his 
having  stated  somewhat  too  plainly  his  chief  reason  for  declining 
a  flattering  nomination  to  the  government's  chief  opium-works  at 
Patna. 

Lord  William  Bentinck,  who  favoured  my  brother  with  frequent 
interviews,  was  kind  enough  to  express  more  than  once  a  wish  that 
he  would  remain  in  India,  and  to  hold  out  every  encouragement 
to  him  ,•  but  his  health  had  suffered  too  much  by  over-exertion  and 
exposure  to  the  climate.  The  following  extracts  from  his  lord- 
ship's letters  and  from  one  of  Lord  Metcalfe  and  Mr.  Mangles, 
will  suffice  to  show  the  estimation  in  which  his  character  was  held 
by  mm  of  the  first  note ;  and  to  these  might  be  added  letters  from 
other  Indian  statesmen : — 

From  LORD  WILLIAM  BENTINCK. 

"  May  20,  1834. 

"Dear  Sir, — I  read  your  first  letter  signed  'Aristobulus,'  and  I  immediately 
"  pronounced  it  to  be  yours.    It  is  gratifying  to  me  to  find  so  great  a  concur-  Letters  from 
"  rence  between  us  upon  the  subject  of  the  wants  of  India.    I  remember  'J&-  William 
"  reading,  at  the  time  ft  appeared,  your  letter  on  roads  for  India.    I  have  also  Bentinck, 
"  read  with  pleasure  and  interest  your  letter  of  the  29th  of  April.    I  suppose  it 
"  may  take  a  century  to  raise  India  to  the  English  standard.    But  it  is  only  by 
"the  contributions  of  those  who  have  the  good  of  mankind  for  their  object,  and 
"  care  not  for  disappointments,  that  any  advance  can  be  made  upon  the 
"  universal  ignorance  and  poverty.    I  trust  you  will  not  be  discouraged,  &c. 

"  I  remain,  dear  Sir,  your  faithful  servant, 

(Signed)     "  W.  BENTINCK." 

"Julius  Jeffreys,  Esq.  ,  May  29,  1834." 

"The  papers  you  have  at  different  times  addressed  to  me,  together  with  the 
"letters  now  under  publication,  signed  'Aristobulus,'  bear  ample  testimony  of 
"  the  just  views  you  take,"  &c.  &c. 

"  The  scientific  improvements  that  you  have  actually  brought  into  successful 
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"  practice,  and  the  experiments  you  are  now  engaged  m,  are  also  the  best  proofs 
«  of  your  mechanical  and  inventive  powers.  I  have  no  doubt  either,  that,  your 
"  exertions  are  influenced  by  a  sincere  desire  to  promote  the  welfare  of  your 
"fellow-creatures.  ' 

"  I  remain,  dear  Sir, 

"  Your  faithful  servant, 
"Julius  Jeffreys,  Esq."  (Signed)     "W.  BENTINCK." 

From  LORD  METCALFE  (Then  Sir  C.  Metcalfe). 

"23rd  September,  1834. 
"I  sincerely  lament  the  necessity  which  compels  you  to  seek 
Letter  from  „  ]ieaith  jn  a  more  genial  climate.    I  take  the  greatest  interest  in  your  im- 
Ld.Metcalfe  „  portant  experiment.    If  you  facilitate  irrigation,  you  will  render  the  greatest 
"  possible  benefit  to  India,  and  especially  to  Upper  India.    Many  thanks  for 
"your  specimens  of  stone  ware  ;*  they  are  admirable. 

"  I  remain,  my  dear  Sir,  yours  very  truly, 

(Signed)       "  C.  T.  METCALFE." 

"  Julius  Jeffreys,  Esq." 

•  A  manufacture  successfully  introduced  into  India  by  Mr.  Jeffreys  as  the  basis  of  the 
chemical  arts. 

From  ROSS  D.  MANGLES,  ESQ.,  M.P.,  Late  Secretary  to  the 
Government  in  India. 

"  10th  April,  1834 

K  D  M™  "  ^  (*ear  ^'r* — -^any  tnanks  for  the  copy  of  your  letter  to  the  Courier, 
e\  ■  i?  "  which  I  estimate  very  highly  as  a  publication  of  political  and  philosophical 
>  s1-  <i  truth,  and  will  preserve  with  proportionate  care.  For  the  sake  alike  of  the 
"  government  and  the  people,  I  am  truly  sorry  to  hear  that  you  are  about  to 
"  leave  the  country.  I  am  equally  sensible  of  your  public  worth,  and  the  value 
"  that  ought  to  be  set  upon  your  talents  for  rendering  good  service  to  the  state. 
"  Your  views,  I  am  convinced,  contain  the  germ  of  almost  incalculable  im- 
"  provement. 

"  Yours  very  truly, 
"  Julius  Jeffreys,  Esq."  (Signed)      "ROSS  D.  MANGLES." 

Pitchingmo-        On  his  way  from  India  my  brother  invented  a  method  of 
tion  of  Ships  converting  the  rolling  and  pitching  motion  of  ships  becalmed  at 
sea,  or  opposed  by  a  head  wind  (useless  and  damaging  to  the 
vessel,)  into  a  useful  and  progressive  motion. 

A  distinguished  mathematician  made  this  plan  the  subject  of 
an  able  investigation,  proving  it  to  be  theoretically  sound ;  but  it 
has  not  yet  been  subjected  to  trial. 
Troposal  of        On  his  return  to  England  in  1835,  through  the  introductions 
lectureship.  0f  these  noblemen  and  other  friends,  he  formed  the  acquain- 
tance of  most  of  the  East  India   Directors,  and  put  before 
,  the  chairman  the  proposal  of  a  lectureship  on  the  application  of 

science  to  the  arts  of  Asia,  with  the  view  of  offering  to  young  m  en, 
proceeding  to  India  in  the  different  branches  of  the  service,  in- 
formation which  they  might  aftenvards,  as  opportunities  were 
offered  them,  diffuse  amongst  the  natives  throughout  the  country. 
The  then  chairman,  Sir  James  Carnac,  expressed  a  very  favour7 
able  opinion  of  the  proposal,  and  wished  it  should  be  prosecuted 
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further ;  but  my  brother,  while  he  entertained  the  highest  respect 
for  his  friends  in  the  Direction,  felt  that  his  own  views  as  to  the 
rights  of  India  did  not  sufficiently  correspond  with  those  of  the 
Court  generally,  and  he  refrained  from  troubling  them  further 
with  his  plans.  . 

Some  of  the  objects  of  that  proposal  were  obtained  by  the  sub- 
sequent employment,  in  a  somewhat  congenial  capacity,  of  another 
medical  officer  from  India,  Doctor  Royle,  whose  great  ability  as  a 
botanist  especially  qualified  him  for  examining  and  reporting  upon 
the  produce  of  India  and  its  improvement. 

He  now  felt  that  he  had  neither  strength  nor  time  to  spare  any 
longer  from  other  duties  in  the  vain  efforts  to  promote  Indian  im-  ^"our 
provement.  Compelled  with  much  regret  to  withdraw  from  the  of  India 
subject,  he"  closed  his  labours  by  writing  three  papers  in  the  c^nal  irriga- 
autumn  of  1835  on  the  resources  of  India  and  the  duty  of  England  tlon'  e' 
in  the  "London  Asiatic  Journal."  After  a  philosophical  inquiry 
into  the  distribution  of  the  population,  the  products  of  their 
industry,  and  the  produce  or  rent  available  as  revenue,  and  into 
the  wants  and  claims  of  India  and  the  duty  and  policy  of  England, 
he  gave  an  outline  of  the  results  of  his  own  inquiries  and  of  some 
of  his  practical  efforts.  Amongst  other  points  he  urged  the  im- 
portance of  canals  jointly  for  irrigation  and  navigation,  and  dwelt 
particularly  on  the  importance  of  a  canal  to  run  throughout  the 
Dooab  (now  the  great  Ganges  canal),  for  irrigating  the  central  tracts 
of  that  province*  and  for  relieving  the  rivers  of  their  tardy,  difficult, 
and  dangerous  navigation.  The  character  of  all  those  rivers  of 
India  with  which  he  was  acquainted  (having  traversed  two  of  the 
chief,  throughout  the  -frhole  of  their  course,  from  the  rise  of  some 
of  their  tributaries  in  the  hills,  and  having  in  tedious  journeys  up 
and  down  them,  paid  a  close  attention  to  such  river  navigation) 
established  in  his  mind  the  conviction  that  inland  navigation  in 
India  ought,  as-  far  as  possible,  to  be  transferred  to  canals  fed  by 
the  rivers,  which  canals  ought  to  be  the  sources  of  irrigation  for 
all  lands  near  their  course  f 

*  This  great  work,  the  merit  of  projecting  which  for  irrigation  appears  due  to 
a  very  able  officer,  Sir  Proby  Cautley,  is,  1  believe,  still  confined  to  that 
object  chiefly. 

f  Compelled  so  long  to  withdraw  from  the  field  himself,  it  has  been  a  source 
of  great  satisfaction  to  him  to  note  Colonel  Cotton's  extensive  and  successful 
efforts  in  it,  in  another  Presidency — Madras,  and  his  undaunted  per- 
severance in  urging  the  duty  of  Indian  improvement  upon  the  people  of 
England.  Although  it  is  probable  Colonel  Cotton  has  never  seen  my  brother's 
writings,  published  long  ago,  the  views  set  forth  in  his  lectures  upon  the  dis- 
tribution of  the  population,  their  wants,  and  upon  irrigation  and  inland  navi- 
gation and  transit,  bear  a  remarkable  and  confirmatory  similarity  to  many  of 
my  brother's.  It  is  with  regret  that  he  is  compelled  to  differ  from  Colonel 
Cotton  upon  one  point — the  expenditure  of  efforts  upon  the  improvement  of 
river  navigation.    For  reasons  too  numerous  to  be  recounted  in  this  abstract. 
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At  the  same  time  the  importance  of  improving  irrigation  from 
other  sources,  and  especially  that  from  wells,  was  strongly  urged, 
whether  the  simple  hydraulic  machines,  proposed  by  himself,  were 
adopted  or  not. 

Invention  of     At  tnis  period,  in  the  autumn  of  1835,  my  brother  was  led, 
the  Respi-  through  the  wants  of  a  sister,  to  invent  an  instrument — the  Res- 
rator.        piRATOR,  by  which  his  name  has  been  chiefly  known  to  the  public 
in  England.     The  peculiarity  and  importance  of  its  objects,  and 
his  having  been  under  the  necessity  of  taking  out  a  patent  for  it, 
prompted  immediately'  upon  its  introduction  remarks  in  one  or 
two  quarters  of  no  very  generous  kind,  which  have  from  time  to 
time  been  repeated,  until  a  lecturer,  who  had  recently  made 
himself  known  in  connection  with  a  popular  object^  and  who  was 
evidently  unacquainted  with  my  brother's  circumstances,  has 
allowed  himself  to  indulge  in  various  statements  on  points,  moral 
as  well  as  scientific,  which  to  say  the  least  of  them,  are  as  un- 
generous as  they  are  utterly  opposed  to  truth ;  while  they  are 
accompanied  by  a  patronising  air,  which  is  somewhat  amusing. 
Refutation      It  is  the  universal  publicity  of  The  Times,  which  has  been 
of  attempts  obtained  for  some  of  these"  statements,  and  the  apparent  authority 
the  original-  °^  the  Eoyal  Institution  for  others,  which  compel  me  to  request 
ity  of  the  the  reader's  attention  to  a  total  refutation  of  them,  which  I  will 
Invention,   endeavour  to  render  as  brief  as  possible. 

My  brother,  it  is  well-known,  introduced  the  instrument,  to 
which  he  gave  the  name  Respirator,  as  an  original  invention,  and 
has  always  received  credit  for  it  as  such,  and  for  the  justice  done 
to  its  principles ;  whereas  he  is  charged  with  patenting  an  in- 
vention already  existing,  and  recently  lectdred  upon  by  another, 
and  carrying  it  out  in  a  sordid  and  defective  manner ! 

These  charges  are  commenced  with  the  assertion  that  "  Res- 
pirators are  an  older  invention  than  is  commonly  supposed."  To 
prove  this,  a  passage  is  first  quoted  from  Doctor  -  Beddoes,  who 
wrote  in  1802,  and  it  is  then  added,  "  it  is  evident  from  these 
extracts,  that  Dr.  Beddoes,  so  early  as  1802,  was  perfectly  aware 
of  the  mode  of  construction  and  operation  of  Respirators."  It 
ought  to  have  been  said,  "  It  is  evident  from  these  extracts,  that 
Dr.  Beddoes  was  not  at  all  aware,  either  of  the  construction  or 
the  operation  of  Respirators  ;"  as  that  truly  able  and  honourable 
man,  were  he  alive,  would  himself  affirm;  while  he  would  by  no 
means  thank  the  lecturer  for  bringing  forward  one  of  the  few 
passages  in  his  valuable  writings  in  which  he  was  in  error.  Having 
heard  that  folds  of  crape  guarded  the  faces,  and  to  some  extent 
the   lungs,  of  Alpine  travellers,  from  the  cold  dry  air  of  those 

of  his  observations,  reasons  in  which,  as  an  oid  Indian  myself,  I  fully  concur, 
funds  devoted  to  canal  navigation  in  India,  promise  to  be  tenfold  more  advan- 
tageously and  successfully  laid  out  than  in  general  upon  the  rivers  of  the  country. 
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regions,   he  committed  the  oversight  of  recommending  such 
"  muzzles,"  of  crape,  for  pulmonary  sufferers.    He  thus  fell  into 
the  common  mistake  of  supposing  non-conducting  matters,  such  as 
■wool,  &c,  to  be  proper  agents  for  protecting  the  lungs,  because 
they  are  the  most  suitable  as  clothing  for  preserving  the  warmth 
of  the  skin.      The  crape  muzzle  was  but  a  feeble  form  of  the 
coachman's  woollen  "  comforter."     The  action  of  wool,  either  in 
the  form  of  a  "  comforter,"  or  of  a  "  crape  muzzle,"  is  simply 
and  only  this  : — It  detains  mechanically  in  its  folds,  some  of  each 
outgoing  stale  breath,  which,  mixing  and  returning  with  each 
entering  fresh  breath,  imparts  to  it  a  proportional  amount  of  warmth 
and  moisture.    For  the  coachman  who  requires  but  a  slight  warm- 
ing of  his  fresh  breath,  and  can.  bear  for  this  end  a  little  return  of 
each  impure  breath,  the  woollen  "  comforter"  or  "  muzzle,"  may 
answer,  but  the  delicate  and  suffering,  on  the  one  hand  need  much 
warmth  and  moisture  to  be  .given  to  a  cold  atmosphere,  and  on  the 
other,  are  oppressed  by  a  very  little  return  of  their  impure  carbonic 
acid.    Directly  Dr.  Beddoes  put  the  idea  in  practice,  he  must  have 
found  how  totally  it  would  fail  of  its  object,  for  persons  delicate 
in  the  lungs.    A  wrapper  of  non-conducting  matter,  to  have  any 
adequate  warming  effect  for  them,  must  be  so  bulky  as  to  detain 
an  amount  of  each  stale  breath,  quite  suffocative.    Hence,  though 
he  subsequently  wrote  at  great  length  on  influenza,  then  prevail- 
ing, and  on  consumption,  and  was  anxious  to  devise  all  methods 
of  relief,  proposing  spacious  buildings,  of  tempered  atmospheres 
for  patients  to  take  exercise  in,  he  never  again  names  the  crude 
suggestion.    So  far  was  he  from  having  invented  the  Respirator, 
that  he  had  unfortunately  been  drawn  into  a  wrong  path,  with  his 
back  to  the  right  principles,  by  the  false  analogy  of  warm  coverings 
for  the  skin.     It  is  well  for  invalids  that  my  brother  never  saw 
the  passages  in  question,  nor  indeed  Dr.  Beddoes'  work  containing 
them,  until  they  were  thus  exhumed,  for  their  tendency  would 
plainly  be  to  misdirect  the  judgment  and  stand  in  the  way  of  the 
independence  and  originality  of  thought,  necessary  for  inventing 
the  proper  instrument,  composed  solely  of  highly  conducting 
matter. 

Have  the  invalid  public  or  not,  a  valid  ground  of  complaint 
that  in  this  quotation,  and  in  subsequf  nt  remarks,  in  a  lecture  de- 
livered at  the  Royal  Institution,  the  fact  of  so  much  importance  to 
them  should  be  ignored,  that  the  principle  of  conduction,  and  the 
use  of  metal,  constitute  the  very  essence  of  a  proper  Respirator, 
and  must  form  the  substance  and  burden  of  any  right  description 
of  it,  just  as  much  as  latent  heat,  expansion,  condensation  and 
metal,  must  enter  into  any  proper  description  of  a  steam  engine  ? 

To  say  that  Dr.  Beddoes  was  the  inventor  of  Respirators, 
merely  because  he  saw  warmth  and  moisture  to  be  desirable  for  his 
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patients  lungs,  although  he  proposed  means  not  only  totally  in- 
adequate, but  acting  upon  principles  the  very  opposite  to  the  proper 
ones,  is  not  a  whit  more  reasonable  or  just,  than  to  affirm  that  the 
'man  who  first  proposed  relays  of  horses  for  carrying  news,  was  the 
original  inventor  of  the  electric  telegraph,  because  he  had  in  view 
the  same  object  as  this  invention,  viz. :— the  utmost  possible  dis- 
Refutation  patch  in  communications  between  distant  places. 
oL^llatge  If  tte  *eader        not  De  struck  with  either  the  candour  or 

of  piracy!  the  generosity  of  this  endeavour  to  bring  discredit  upon  the  origi- 
nality of  my  brother's  invention,  what  will  he  think  of  the  follow- 
ing assertion,  directly  charging  him  with  a  piracy  of  the  grossest 
and  most  sordid  kind  ?  Were  there  any  truth  whatever  in  the 
statement,  my  brother's  loss  of  reputation  as  a  man  of  science, 
would  be  the  smallest  part  of  the  charge.  His  moral  reputation 
would  be  justly  and  irretrievably  damaged.  The  lecturer  says  : — 
"  Dr.  Arnott  informs  me,  that  about  seventeen  or  eighteen  years 
ago,  the  principle  and  mode  of  constructing  Respirators  were  fully 
described  by  him,  in  a  lecture  delivered  in  this  very  room ;  and. 
a  short  time  afterwards,  a  patent  was  taken  out  by  Mr.  Jeffreys 
for  the  manufacture  of  Respirators."  Here  is  a  statement  of  facts 
which  have  not  the  shadow  of  a  foundation.  That  Dr.  Arnott 
could  not  possibly  have  made  such  a  mis-statement  the  following 
facts  will  show. 

My  brother,  on  his  returning  from  India,  as  already  stated, 
early  in  1835,  found  his  sister,  Mrs.  Nicol,  widow  of  the>late  Adju- 
tant-General of  Bengal,  in  a  state  of  advanced  pulmonary  disease.  It 
was  while  concentrating  his  thoughts  upon  her  case,  with  the 
desire  of  mitigating  her  sufferings,  that  he  traced  much  of  them 
to  the  effect  of  each  inhaled  breath  upon  the  lungs,  robbing 
them  of  more  warmth  and  moisture  than  in  their  delicate  state  they 
were  fitted  to  supply.  To  transfer  these  elements  to  each  incom- 
ing breath,  without  detaining  the  stale  outgoing  breath,  he  next 
discerned  to  be  the  desideratum,  and  to  effect  this  by  conduction, 
and  therefore  by  metallic  agency,  were  the  consecutive  steps  in 
the  inductive  train  of  thought,  into  which,  for  her  sake  and 
others,  he  was  fortunately  led.  He  constructed  such  an  instrument 
for  her.  Though  rudely  made,  the  relief  it  afforded  her  at 
once  prompted  the  trial  d$  several  on  other  persons,  with  like  , 
effects.  To  extend  the  benefits  to  the  invalid  public  -was  plainly 
the  next  duty.  It  is  well  that  all  the  moral  difficulties  did  not 
then  present  themselves.  He  saw  difficulties  enough,  however,  to 
render  the  protection  of  a  patent  absolutely  necessary ;  and  on 
seeking  in  December,  1835,  the  judicious  opinion  of  Messrs. 
Poole  and  Carpmael  of  the  government  patent  office,  as  to 
the  possibility  of  inducing  the  public  to  afford  due  atten- 
tion to  such  an  instrument,  he  was  recommended  by  them  to 
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obtain  the  opinion  of  Dr.  Arnott.  The  latter,  whom  he  saw  in. 
that  month  for  the  first  time,  manifested  no  previous  thought  of, 
or  acquaintance  with,  the  principles  of  the  instrument  whatsoever, 
and  did  not  indeed,  appear  quite  to  assent  to  its  action  until  he 
made  trial  of  it  by  respiring  through  the  one  Mr.  Jeffreys 
showed  him.  The  name  "  Respirator,"  which  Mr.  Jeffreys  had 
given  it,  was  of  course  equally  new  to  him,  and  commented  on  by 
him  as  such. 

The  patent  was  taken  out  in  January  1836,  and  on  the  11th 
of  March  following,  Dr.  Arnott,  while  lecturing  at  the  Royal 
Institution  on  the  subject  of  warming  and  ventilation,  introduced 
the  subject  of  the  Respirator,  the  name  and  nature  of  which  he  had 
recently  learnt  from  Mr.  Jeffreys. 

In  publishing  widely  so  offensive  and  emphatically  pronounced 
a  libel  against  a  gentleman  who  had  never  wilfully  done  him,  or 
any  other  of  his  fellow-men  an  injury,  it  would  be  a  poor  excuse 
to  say  that  some  conversation  with  Dr  Arnott  had  been  mistaken.* 
To  strive  to  deprive  a  neighbour  of  the  credit  of  an  invention, 
which  has  acquired  a  world-wide  reputation,  is  not  a  small  offence, 
but  it  is  as  nothing  when  compared  with  the  charge  of  pirating  it 
from  others  for  the  sake  of  gain — with  having  held,  therefore,  an 
illegal  patent,  and  a  falsely  assumed  credit  and  reputation. 

I  will  not  intrude  upon  the  reader,  who,  I  hope,  has  no  personal 
interest  in  the  virtues  of  Respirators,  a  lengthened  examination  of 
the  tissue  of  errors  indulged  in  by  one  who,  in  the  anxiety  to 
strain  an  instrument  of  his  own  composed  of  non-conducting 
matter  far  beyond  its  legitimate  purpose,  ignores  the  facts,  that  any 
respirator,  properly  so  called,  should  contain  nothing  hut  the  best 
conducting  matter,  and  that  a  copious  condensation  of  moisture  is 
not  only  an  essential  virtue  in  its  action,  but  the  very  measure  of 
its  warming  power ;  so  that  in  proportion  as  it  condenses  little,  it 
must  be  a  feeble  warmer  of  the  inhaled  air.  I  "will  not  occupy 
space  by  showing  that  my  brother's  instrument  is  actually  con- 
founded by  him  with  an  imitation,  faulty  in  construction  and  action, 
brought  forward  by  a  friend  of,  the  lecturer's  ;  and  that  statements 
are  made  altogether  opposed  to  science  and  fact,  while  impossible 
effects  are  promised  from  the  instrument  introduced  by  the  lecturer. 
An  attentive  perusal  of  that  published  lecture  will  fully  confirm 
all  this,  but  I  must  introduce  one  instance.  While  it  is  stated, 
that  my  brother's  purely  metallic  instrument  is  obstructive  to  the 
breath,  (although,  of  course,  no  more  metal  work  is  introduced 
than  is  necessary  for  the  effects,  and  that  of  the  least  obstructive 
nature,)  the  pulmonary  sufferer  is  recommended  to  burden 
himself  with  a  wall  of  non-conducting  charcoal  in  lieu  of  most  of 
the  metal,  on  the  ground  of  the  assumed  importance  to  him,  that 

*  A  reference  to  the  records  of  the  Patent  Office  and  of  the  Royal  Institution 
ought  at  least  to  have  been  made  previously. 


16 


the  impurities  of  his  own  breath  should  be  .corrected  by  breathing 
through  charcoal !  Now  such  impurities  are  of  course  lodged  in 
the  outgoing  breath,  the  purification  of  which  is  not  only  useless 
to  him,  but  involves,  in  its  very  process,  a  detention  and  accumulation 
of  the  main  impurity,  Carbonic  Acid,  in  the  charcoal ;  this  substance 
having  the  peculiar  property  of  condensing  into  its  pores  thirty  or 
forty  times  its  volume  of  this  gas,  and  when  saturated  with  it,  as 
when  expired  through  it  must  in  a  few  minutes  become,  of  also, 
as  is  well  known,  giving  some  of  this  gas  out  again  to  a  current  of 
fresh  air  conveyed  through  it.  So  that  if  the  charcoal  has  any  action 
at  all,  *  its  tendency  is  to  contaminate  the  fresh  breath  with  the 
undecomposable  impurities  of  the  staie.  Now  a  proportion  of  this 
gas,  so  small  as  to  be  imperceptible  in  breathing,  and,  barely  per- 
ceptible by  analysis,  suffices  to  render  many  atmospheres  very 
unwholesome. 

My  brother  feels  that  he  has  already  so  fully  acquitted 
Invention  of  himself  of  the  duty  of  explaining  clearly  to  the  invalid  public 
Machines  (t  foe  pr0per  principles  and  construction  of  Respirators,  that  if  any 

dtoccssps  lor  *•%  i 

making  the  persons  allow  themselves  to  be  misled  by  specious  statements,  and 
Ecspirator.  any  apparently  reliable  authority,  the  fault  will  be  their  own.  At 
the  same  time,  few  persons  are  aware  how  much  inventive  thought 
was  devoted  to  the  object  of  realizing  in  the  best  manner  the  prin- 
ciple of  the  Respirator.  To  give  a  vertical  structure  to  the 
wirework  for  carrying  down  superfluous  moisture,  and  to  keep  the 
several  layers  distinct  from  each  other,  for  commanding  the 
gradative  conduction  of  heat,  on  which  much  depends,  my  brother 
determined  to  fix  the  wires  down  upon  lattices  of  metal,  and 
invented  a  machine  for  punching  these  lattices,  which,  in  the 
difficult  process  of  fine  longitudinal  punching,  is  perhaps  un- 
equalled in  the  art.  The  ablest  machinist  in  the  art,  who  introduced 
the  fine  card  and  metal  perforating,  supplied  the  first  lattices  for 
the  Respirator,  but  they  did  not  come  near  to  my  brother's  re- 
quirements. On  seeing  the  first  lattices  pierced  by  the  above 
machine,  the  finer  bars  of  which  were  one-sixtieth  of  an  inch 
thick  only,  though  half  an  inch  lopg,  his  surprise  was  great ;  and 
he  added  that  a  machine  so  delicate  could  last  but  one  day.  It 
has  been  in  use  for  eighteen  years,  and  has  pierced  more  than  a 

*  The  truth  is,  if  charcoal  is  respired  through,  it  soon  hecomes  humid,  which,  for- 
tunately, so  far  impairs  its  catalytic  power,  as  to  render  it  perhaps  comparatively  inert 
and  harmless,  excepting  as  a  mass  of  non-conducting  matter,  presenting  obstruction, 
without  conducing  in  any  degree  to  the  proper  effects  of  a  Respirator.  But  if  used  as 
an  Inspirator  only,  (a  caution  indeed  given  by  this  lecturer  himself  elsewhere,)  the  charcoal 
instrument  may  be  of  much  value  to  protect  a  person  who  has  to  expose  himself  to  an 
infected  atmosphere;  and  it  would  be  well  for  his  own  credit,  and  for  those  whom  he 
may  influence,  if  the  lecturer  had  confined  it  to  this,  its  legitimate  purpose.  And  with 
respect  to  an  invalid's  breath :  in  a  case  where  it  is  so  very  impure  as  to  infect  his 
apartment,  is  it  not  plain  that  the  only  safe  and  proper  way  to  employ  charcoal  to  cor- 
rect that,  would  be  to  suspend  an  abundance  of  the  powder  in  trays  about  the  room,  and  not 
to  propose  to  him  to  breath  both  ways  through  a  saturated  wall  of  it  before  the  mouth. 
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million  lattices.  The  machine  for  laying  the  wires  down  parallel, 
and  the  peculiar  processes  for  soldering  them,  by  which,  without 
a  blot  or  failure,  40,000  or  50,000  minute  points  of  soldering  are 
effected  in  each  respirator,  are  also  quite  original.  Judges  of  the 
first  ability  have  examined  the  operations,  and  have  invariably 
expressed  much  admiration  of  them.  In  evidence  of  this,  one 
communication  will  suffice,  conveying,  as  it  does,  the  opinion  of 
the  first  mechanician  of  the  day. 

From  C.  BABBAGE,  ESQ.,  F.R.S.  Letter  from 

"Dear  Sir, — On  my  return  to  town,  I  found  a  parcel  containing  the  specimens  C.  Babbagev 
"  of  various  processes  in  your  beautiful  manufacture,  which  I  had  examined  Esq. 
"  with  so  much  pleasure  and  admiration.    I  also  found  a  complete  example  of 
"  the  finished  result,  accompanied  by  your  obliging  note.    I  shall  preserve  it 
"  as  a  memorial  of  a  manufacture  which  is  equally  beautiful  in  the  perfection 
"  of  its  detail  and  the  philosophy  of  its  contrivance. 

"  I  am,  my  dear  Sir, 

"  Very  faithfully  yours, 
J.  Jeffreys,  Esq.  "  C.  BABBAGE." 

To  the  pains,  ingenuity  and  science  exercised  in  giving  effect  to 
the  invention,  no  less  than  in  the  conception  itself,  are  due  the 
beneficial  results  which  have  given  so  wide  and  high  a  reputation 
to  the  name  "  Respirator,"  that  the  assumption  of  the  name  for  all 
manner  of  absurd  and  defective  imitations  secures  for  each,  as  it 
appears,  the  confidence  of  the  ill -judging  amongst  the  public. 
Some  of  these  are  merely  multiplied  folds  of  common  non- 
conducting fabrics,  others  merely  shells  of  pierced  metal,  which 
would  have  no  effect  if  the  current  of  the  breath  were  not 
obstructed  in  passing  through  them  by  the  aid  of  cloth. 

Since  the  reader  is  probably  aware  that  many  thousand  persons 
are  every  winter  deriving  relief  from  my  brother's  invention,  I 
need  scarcely  have  brought  evidence  to  establish  my  point  that  in 
all  that  relates  to  its  philosophy  and  construction  it  does  not  do 
discredit  to  his  antecedents.  And  it  is  quite  unnecessary  that  I 
should  trouble  my  readers  with  any  of  the  multitude  of  letters, 
from  all  quarters,  abounding  with  expressions  of  gratitude  for 
benefit  imparted  by  his  invention.  Not  a  few  are  from  members 
of  the  medical  and  other  professions,  who  state  that  it  has  enabled 
them  to  remain  in  England,  and  in  active  practice,  and  thus  to 
provide  for  their  families. 

But  there  are  other  moral  points  also,  upon  which  the  lecturer  and  Refutation 
correspondent  of  newspapers  has  taken  every  opportunity  to  give  of  other 
circulation  to  statements  which  have  caused  my  brother  far  more  g^"11111683 
personal  concern  than  any  sophistical  criticisms  on  the  Respirator. charges* 

There  can  be  no  question  that  any  man  of  science,  who  shall 
look  to  his  own  convenience  and  advantage  only,  will  do  wisely 
not  to  take  out  a  patent  for  an  invention  having  a  remedial  object. 
Though,  unlike  drugs,  it  shall  involve  a  mechanism  requiring  the 
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exercise  of  no  skill  in  its  employment,  it  is  liable  to  be  ranked 
in  the  category  of  "medicines"  over  which,  as  the  legitimate  tools  of 
the  physician's  skill,  any  kind  of  exclusive  right  is  discountenanced. 
Whatever  be  the  nature  of  the  inventor's  professional  avocations, 
he  will  generally  gain  more  reputation  from  an  invention,  the 
merits  of  which  he  is  free  to  proclaim  as  having  retained  no 
property  in  it,  than  by  incurring  the  risk,  the  annoyances,  and  the 
responsibility  of  carrying  it  into  effect  himself.  At  the  same  time 
there  will  naturally  be  established  in  his  own,  and  others  minds,  a 
conviction  of  the  entire  disinterestedness  and  benevolence  of  such 
a  course. 

Against  any  one's  taking  this  course,  though  by  no  means  the 
best  for  the  public,  I  would  not  presume  to  say  a  word,  but  I 
have  a  valid  ground  of  complaint  that  any  person  occupying  a 
respectable  position,  should  not  only  in  the  universal  columns  of 
the  Times,  but  even  in  the  Theatre  of  the  Royal  Institution,  take 
the  great  and  unbecoming  liberty  of  dragging  from  retirement  my 
brother  and  his  procedure  as  a  background  for  his  own  picture — 
a  foil  to  set  it  off ;  that  after  telling  his  audience  that  in  justice  to 
himself  he  thinks  it  right  to  state  that  he  has  not  made  a  property  of 
his  invention  on  the  principle  that  means  for  the  prevention  of 
disease  and  death,  in  order  that  they  may  bear  the  lowest  possible 
price,  ought  not  to  be  made  the  subjects  of  patents,  he  should 
contrast  with  this  my  brother's  course ;  instancing  the  Respirator 
and  stating  that  a  price  five  times  as  high  was  charged  for  it  as 
that  borne  by  the  instrument  introduced  by  himself;  speaking 
also  from  no  authority,  of  the  great  source  of  emolument  the 
Respirator  had  been  to  my  brother. 

Were  the  facts  of  the  case,  as  he  states  them,  this  would  be 
no  modest  or  generous  course  towards  a  fellow-labourer  in  the 
paths  of  science ;  but  they  are  the  very  reverse.  The  article  for 
which  the  name  respirator  is  borrowed  (but,  which  ought  to  be 
named,  and  used  only  as  an  inspirator),  consists  of  two  layers 
only  of  the  commonest  wire  gauze,  washed  with  silver,  worth  a  few 
pence,  containing  between  them  a  wall  of  ground  charcoal,  which 
cannot  cost  a  farthing.  Tne  price  of  this  unpatented  article  is 
six  shillings.  I  beg  the  reader  will  compare  with  this  the  character 
of  the  Respirator  for  many  years  provided  for  the  working  classes, 
priced  at  five  shillings.  This  instrument  has  always  contained  not 
two,  like  the  other,  but  eighteen  layers,  on  nine  frames,  and  not  of 
common  gauze,  but  of  a  manufacture  perhaps  the  most  delicate 
and  unique  in  the  fine  arts  in  metal.  It  is  not  only  lower  priced 
absolutely,  but  compared  with  the  quantity  of  workmanship  in  it, 
instead  of  being  five  times  as  dear,  it  is  not  one-fifth  the  price  of 
the  other. 
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As  to  the  large  emolument  my  brother  is  assumed  to  have  Refutation 
made,  the  statement  is  altogether  incorrect.    The  patent  itself,  as  °f  mistaken 
such,  has  yielded  absolutely  nothing.    While  my  brother  has  felt  ^lucraTive 
it  a  duty  to  contrive  and  control  the  manufacture,  he  has  left  the  character  of 
vending  to  others.    So  heavy  have  been  the  expenses  unavoidably  thc  inven- 
attendant  on  giving  publicity  to,  and  removing  prejudices  from,  a tlon* 
novel  and  peculiar  remedy,  that  they  have  absorbed  more  than 
any  royalty  obtainable  from  the  patent,  and  have  caused  the  re- 
turns on  the  manufacture  merely  as  a  wholesale  business,  to  be 
less  than  those  of  any  manufacture  of  like  fineness  unprotected  by 
patent.    They  have,  in  short,  gone  to  make  its  benefits  known  to 
myriads  who  would  not  otherwise  have  heard  of  them,  and  thus  to 
estabhsh  a  well-founded  reputation  for  the  name  Respirator,  for 
the  charcoal  and  other  articles  to  borrow.    "  Sic  vos  non  vobis 
mellificatis  apes." 

With  respect  to  the  general  proposition- — that  means  for  the  Refutation 
prevention  of  disease  and  death  ought  not  to  be  the  subjects  of  of  a  false 
patents,  it  is  unsound  in  principle,  and  unsupported  by  custom,  proposition 
It  is  not  acted  upon  even  in  that  circle  in  the  medical  profession  paints"18 
in  which  it  has  been  somewhat  arbitrarily  propounded.  On  that 
principle,  assuredly  the  copyright,  which  is  the  most  exclusive 
form  of  patent,  ought  not  to  be  retained  for  a  medical  work  full  of 
information  "for  the  prevention  of  death  and  disease."  Such 
works,  instead  of  bearing  as  they  commonly  do  high  prices,  ought 
to  be  thrown  open  for  publication  at  the  <£  lowest  possible  price," 
that  the  most  needy  practitioner  might  be  invited  to  study  them 
for  the  good  of  humanity.  Indeed,  as  by  the  wider  circulation  of  an 
able  work  more  wordd  often  be  gained  in  reputation  than  by  the 
copyright,  many  an  author  would  no  doubt  adopt  that  course,  but 
for  professional  etiquette,  which  actually  discountenances  it ;  and 
perhaps  rightly.  But  it  is  absurd  in  the  same  breath  to  discoun- 
tenance patents  for  inventions  having  a  remedial  object,  and  to 
affect  a  disinterestedness  which  the  great  and  the  good  do  not 
pretend  to.  Noblemen  of  the  first  rank  and  worth  have  held 
patents  for  agricultural  instruments,  while  it  is  notorious  that 
agriculture  is  retarded  by  the  unwillingness  of  farmers  to  pay  the 
prices  of  new  implements.  Yet,  if  any  thing  ought  to  bear  "  the 
lowest  possible  price,"  it  is  "  the  poor  man's  staff"  of  life."  So 
much  for  actual  practice  in  collateral  cases,  both  in  the  profession 
and  out  of  it. 

Again,  when  professional  inventors  are  by  their  position  and 
disposition  rightly  prompted  to  write  and  lecture  their  plans  into 
use,  a  patent  may  not  be  necessary  for  the  introduction  of  them ; 
and  such  inventors  will  assuredly,  in  the  present  state  of  the  pro- 
fession, consult  their  own  advantage  in  every  way  by  avoiding  any 
business  concern  in  them;  but  in  general,  especially  where  an 
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invention  is  for  an  object  altogether  new,  the  expense,  risk,  time 
and  trouble,  required  for  establishing  it,  even  with  a  patent,  are  so 
great,  that  no  one  in  his  senses  would  incur  them  without  one. 
Hence  the  interests  of  the  public  are  seriously  compromised  when 
the  protection  necessary  for  encouraging  really  novel  inventions  is 
decried. 

Furthermore,  since  it  is  indeed  desirable  that  "  inventions  for 
Tree  princi- the  prevention  of  death  and  disease  should  be  sold  at  the  lowest 
r^S^^s  possible  price,"  that  is,  for  the  poor,  and,  so  far  as  is  compatible 
patenWo°r  with  efficiency,  the  man  of  well-judging  benevolence  will  not 
remedial  in-  neglect  to  incur  the  risk  and  trouble  of  a  patent,  even  though  he 
struments.  not  ^e  un(jer  private  obligations  rendering  it  a  duty.    By  so 

doing  he  can,  while  ensuring  to  the  rich  the  invention  in  its  per- 
fection, draw  from  them  a  fund  (utterly  trifling  indeed  compared 
with  the  value  of  the  invention  to  them)  commanding  which  he 
may  ensure  the  poor  being  literally  supplied  at  "  the  lowest  pos- 
sible price,"  namely,  at  the  bare  cost  of  production.  And  when 
he  finds,  as  he  will  find,  that  by  the  time  disease  has  urged  them 
to  seek  aid  from  the  invention,  it  has  reduced  many  to  such  indi- 
gence that  it  is  as  much  out  of  their  reach  at  "  the  lowest  possible 
price  "  as  at  the  highest,  he  may  have  the  satisfaction  of  directing, 
that  in  all  such  cases  duly  certified,  it  shall  be  promptly  and  gra- 
tuitously supplied  without  limit,  and  without  the  ostentation  of 
himself  getting  up  a  charitable  society  for  the  purpose,  or  the 
greater  ostentation  of  everywhere  proclaiming  in  lectures  and 
newspapers  his  meritorious  self-denial  in  avoiding  the  risk,  the 
annoyances,  and  the  duties  of  a  patent. 

Again,  if  an  inventor  is  not  independent  of  private  obligations 
and  ties,  let  him  bear  in  mind  where  the  first  duties  of  life  com- 
mence, and  let  him  beware  lest  that  great  snare,  the  fear  of  man, 
or  that  greater,  a  love  of  applause,  shall  entrap  him  into  neglecting 
them,  and  into  incurring  thereby  the  scriptural  denunciation  of 
being  "worse  than  an  infidel." 

These  are,  beyond  a  question,  the  moral  grounds,  public  and 
private,  which  render  it  not  allowable  only,  but  in  general  the 
duty  of  an  inventor  of  an  instrument  for  the  prevention  of  death 
and  disease,  to  establish  his  control  over  it  by  a  patent. 

As  to  the  public,  if  every  care  has  been  taken  to  provide  them 
with  the  invention  in  its  most  effective  form,  they  have  no  business 
whatever  with  the  question  whether  it  is  upon  public  or  private 
grounds  that  the  patent  has  been  held,  or  whether  objects  con- 
nected with  both  have  been  felt  to  require  it. 

>  My  brother  has  had  no  desire  to  trouble  the  public  with  infor- 
mation in  which  of  the  three  positions  he  has  stood,  but  having 
had  to  refute  the  gross  and  unfounded  imputation  that  he  had 
pirated  the  invention  in  the  first  instance,  and  then  taken  a 
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covetous  advantage  of  it,  I  feel  bound  to  state  that  my  brother  has 
not  only  employed  the  control  of  the  patent  to  ensure  for  the 
working  classes  the  full  benefits  of  the  invention  at  the  lowest 
price,  but  has  from  an  early  date  authorized  this  valuable  instru- 
ment being  supplied  gratuitously,  without  stint  or  limit,  in  every 
case  of  certified  need  of  it  and  indigence.  To  the  promptness 
with  which  this  rule  has  for  many  years  been  carried  into  effect  by 
the  managers,  medical  men  in  all  parts  of  the  kingdom  can  bear 
witness. 

It  is  doubtless  believed  by  many  that  the  Respirator  has  yielded 
a  rich  harvest  to  its  inventor.  In  this  they  are  not  mistaken.  But 
the  harvest,  as  my  brother  has  elsewhere  remarked,  is  assuredly 
not  one  of  opulence,  which  has  been  neither  coveted  nor  acquired 
through  it.  It  has  been  productive  of  so  frequent  a  crop  of  invi- 
dious remarks,  that  had  it  not  yielded  another  harvest  still,  it 
would  have  been  to  him  more  advantageous  and  satisfactory  in 
every  way  to  have  consigned  the  invention  to  oblivion  at  its  birth, 
and  to  have  employed  the  time  and  capital  devoted  to  it  in  another 
and  a  quieter  channel.  From  all  parts  of  the  United  Kingdom,  from 
the  continent  of  Europe  and  America,  from  the  southern  hemis- 
phere, and  even  from  the  tropics  have  flowed  in  expressions  of 
gratitude,  for  benefits  often  described  of  a  character  not  to  be 
estimated  in  money.    These  are  its  richest  harvest. 

I  now  gladly  pass  on  from  the  vexed  question  of  the  Res- 
pirator. 

Immediately  on  his  return  to  England,  and  prior  indeed  to  invention  of 
inventing  the  Respirator,  he  was  struck  with  the  absence  of  all  Pneumatic 
provision  for  ventilation  in  English  houses,  and  was  led  to  grate- 
contrive  a  ventilating  grate,  which,  while  showing  a  bright 
fire,  warms,  by  means  of  the  waste  heat,  fresh  air  introduced 
copiously  into  rooms  by  the  skirting  board  or  otherwise ;  but 
not  as  in  other  attempts  of  the  kind  with  open  fires  (in  this 
and  other  countries)  in  which  the  air  introduced  is  overheated. 
As  the  plan  required  much  elaborate  iron-work,  rendering  it 
expensive,  he,  two  years  afterwards,  undertook  to  contrive  a  line 
of  manufacture  by  which  it  was  actually  produced  at  one-fourth  of 
the  cost  at  which  it  could  be  made  by  hand.  Nothing  but  the 
unaccustomed  form,  necessary  for  its  proper  effect,  which  was  not. 
inviting  to  the  eye,  prevented  a  more  general  use  of  it.  It  has 
warmed  for  many  winters  with  perfect  effect,  and  putting  an  end 
to  cold  draughts,  rooms  of  large  dimensions,  and  with  numerous 
windows,  which  were  far  less  comfortable  with  tires  of  two  or  three 
times  the  volume  and  consumption.  Every  judge  of  iron-work 
who  has  examined  one  of  the  grates  so  made  has  noticed  the 
novelty  of  its  style — applicable  to  other  manufactures  in  iron — and 
its  perfection  and  cheapness.  But  though  he  offered  the  factory 
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he  built  for  the  purpose  at  Birmingham,  and  the  peculiar  machines 
it  contained  at  their  bare  cost,  to  any  party  whose  business  lay  in 
that  way;  and,  would  have  made  over  all  claim  to  the  invention 
on  a  promise  that  it  should  be  introduced  with  spirit,  it  was  for 
dwelling  rooms  judged  not  suitable  in  form  to  the  public  taste, 
while  an  endeavour  to  strain  the  principle  to  suit  familiar  forms 
had  damaged  the  action  and  brought  discredit  upon  it  prior  to 
my  brother's  taking  in  hand  to  contrive  its  manufacture.  To 
continue  it  being  out  of  the  field  of  his  pursuits  and  opportunities, 
the  works  were  disposed  of  for  other  purposes. 

Fig.  I.  represents  a  prependicular  section  from  front  to  back 
of  this  stove  as  constructed  by  him ;  affording  a  side  view  of  its 
interior.  There  was  not  a  single  rivet  in  it,  nor  any  ordinary 
seam,  every  junction  was  effected  by  a  peculiar  and  novel  process 
of  "quilling"  with  split  tubes.  Though  only  about  the  cube  of 
two  feet  in  bulk,  it  contained  an  open  fuel  grate  G.,  ash-pit  A., 
smoke  space  above  ss.}  smoke  passasges  between  the  tubes  SP., 
and  smoke  chamber  beyond  them  SS.,  fresh  air  chamber  below  ff., 
eight  or  ten  fresh  air  tubes  FF.,  supplied  with  air  from  without 
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and  a  hot-water  vessel  W.,  for  tempering  the  dryness  of  the  warm 
air.  CC.  the  chimney.  RE,,  the  room  warmed  and  ventilated.  So 
mild  was  the  warmth  it  yielded  that  the  exterior  of  this  stove  was 
neatly  japanned;  while  thus  made,  chimneys  never  smoked 
with  it. 

Invention  of       Based  on  a  series  of  experiments,  extending  over  some  years, 
a  smoko  con-  in  the  construction  of  furnaces  and  the  use  of  fuel,  conducted  by 
w~  him  while  introducing  different  arts  into  India,  my  brother  many 
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years  ago  contrived  a  furnace  for  steam  engine-boilers,  which,  from 
its  nature,  could  not  possibly  yield  smoke.  Two  or  three  well- 
known  engineers,  of  much  experience  in  steam  engines,  to  whom 
the  plan  was  exhibited,  spoke  of  it  at  once  as  peculiarly  original, 
promising,  and  deserving  of  trial ;  but  the  plan,  not  having  been 
reduced  to  practice,  has  not  been  officially  submitted  to  the 
Admiralty,  which  never  takes  cognisance  of  any  but  such. 

Of  this  Boiler  Furnace,  an  outline  is  given  in  Fig.  I.,  as  its 
peculiar  character,  and  the  importance  of  the  smoke  question  may 
render  some  account  of  it  interesting  to  the  reader. 


Fig.  L — Vertical  longitudinal  section  of  Vertical  Boiler  Furnace. 

A. — Ash  Pit.  HH. — Horizontal  Tubes. 

BB. — Boiler  Spaces.  P. — Platform. 

b. — Eire  Bars.  R. — Flame  Reception  Chamber. 

CC. — Chimney.  S. — Stoking  Slit,  Commanding  the  back 

DD. — Deflecting  Chamber.  of  the  fire. 

dil.,  (kc. — Draught  Slits.  VV,VV. — Vertical  Trench  furnace  tubes. 

FF. — Front  Furnace.  WW. — Water  Line. 

TT. — Trench  Furnace.  X.— Slag  Tray, 

f. — Furnace  Door. 

The  original  furnace  on  which  this  is  based,  was  made  as  long 
ago  as  the  year  1829,  but  it  was  for  wood  fuel.  The  current?  was 
carried  horizontally  through  a  vertical  wall  of  fire,  and  then  down- 
wards, into  the  lower  part  of  a  furnace.  This  present  plan,  for 
coal,  was  invented  fifteen  years  ago,  with  the  whole  fire  vertical, 
and  some  years  alterwards,  my  brother  proposed  to  have  the  front 
part  of  the  fire  in  an  ordinary  inclined  furnace,  FF.,  and  for  the 
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bright  fuel  only  to  lie  in  a  vertical  trench  TT.,  beyond  it.  The 
smoky  current  from  the  fuel  in  F.  passing  between  a  long  row  of 
parallel  tubes,  W.,  sweeps  round  the  concave  Deflecting  Chamber 
DD.  of  the  boiler  Bl.,  and  is  ignited  in  re-entering  and  passing 
through  the  bright  fuel  in  T.,  a  trench  formed  by  the  two  rows  of 
vertical  water  tubes  VV.  The  bright  current  collecting  in  the 
reception  chamber,  R.,  in  the  boiler  B.  2,  then  traverses  the 
numerous  horizontal  tubes,  HH.,  of  this  boiler,  to  the  chimney 
C.  In  the  furnace  originally  made,  the  dust  and  clinkers  all 
melted  and  ran  down  as  slag  to  the  bottom.  At  X.,  is  seen  the 
end  of  horizontal  slag  trays,  to  be  drawn  out  occasionally.  Into 
further  details,  I  will  not  intrude  on  the  reader's  time  by  entering. 
Treatise  on  J3ixt  to  practical  science  my  brother's  mind  has  by  no  means 
of  thehuman  been  confined,  as,  indeed,  has  been  already  shown.  His  inquiries 
chest,  <te.  in  science  have  been  various.  In  1843  he  published  a  work 
on  certain  abstruse  and  interesting  branches  of  physiology,  which 
was  a  collection  of  original  observations  made  chiefly  in  India. 
Subsequently  to  the  publication,  he  learned  that  in  a  few  of  those  re- 
lating chiefly  to  the  first  of  the  three  divisions  of  the  work,  he  had 
been  anticipated  by  Dr.  C.  Holland,  a  physician  and  physiologist 
of  talent  in  Yorkshire,  which  may  be  received  as  a  satisfactory  con- 
firmation of  their  truth.  The  bulk  of  the  work,  however,  was  quite 
original,  not  only  as  regards  himself,  which  was  the  case  with  every 
part,  but  as  to  the  publication  also.  The  following  letters,  the  two 
first  being  kind  replies  to  myself,  selected  as  those  of  physiologists 
of  the  first  eminence,  will  show  their  individual  opinions  of  this 
work.  With  Dr.  Prout,  my  brother  was  acquainted  only  by 
name  ;  they  were  not  known  to  each  other  by  sight. 

From  SIR  BENJAMIN  BRODIE,  Bart.,  F.R.S. 

"  Broome,  Betchworth,  August  13th,  1855. 
"  My  Dear  Sir, — Your  Brother  was  so  good  as  to  send  me  formerly  his  work 
"  on  the  Statics  of  the  Chest ;  and  I  remember  to  have  read  it  with  great 
"  interest,  and  to  have  found  that  it  contained  very  many  original  and 
"  important  observations. 

"  I  am,  Dear  Sir,  your  faithful  Servant, 
"  Colonel  Jeffreys."  (Signed,)    "  B.  C.  BRODIE. 

Letter  from  From  Db.  WATSON,  F.R.S. 

Dr.  Watson.  "  16,  Henrietta  Street,  Cavandish  Square, 

"  August  8th,  1855. 
"  Dear  Sir, — It  is  now  many  years  since  I  read  Mr.  Julius  Jeffreys's  Essay 
"  on  the  '  Statics  of  the  Chest,'  but.  I  well  remember  that  I  was  very  much 
"  struck  with  the  novelty  and  (as  I  thought,)  the  soundness  of  the  views  ad- 
"  vocated  in  that  work.  I  have  had  many  other  opportunities  of  judging  of  his 
"  talents  and  labours  ;  and  I  can  say  with  perfect  truth,  that  I  have  not  known 
"  a  more  remarkable  example  than  your  excellent  brother  presents  of  a  constant 
"  and  successful  devotion  of  a  singularly  inventive  genius,  and  a  thoroughly 
"  practical  mind  to  objects  intimately  connected  with  the  convenience  and  wel- 
"  fare  of  his  fellow-men. 

"  I  am,  Dear  Sir,  yours  faithfully, 
•'Lt.  Colonel  Jeffreys."  (Signed)      "  THOMAS  WATSON." 
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From  Dr.  PROUT,  F.  R.  S.  Letter  from 

«  Sackville  Street,  10th  July  1845.        Dr'  Pront* 
"Dear  Sir, — I  read  your  book  with  great  interest,  and  as  one  of  the  very 
"  best  I  had  ever  met  with  on  the  subject.* 

"  In  the  last  edition  of  my  'Bridgewater  Treatise,'  recently  published,  I  have 
"  referred  to  it  as  containing  what  I  consider  unanswerable  arguments  against 
"  some  of  the  views  of  Liebig,  and  other  modern  chemists,  respecting  the  cause 
"  and  nature  of  animal  heat,  and  against  which  I  have  always  myself  protested. 
"  The  phenomena  of  life  cannot  be  explained  by  chemistry ;  and  all  attempts 
"  hitherto  made  by  mere  chemists  have  failed  and  must  continue  to  fail. 

"  I  am  sorry  to  hear  that  for  the  present  you  have  turned  your  attention 
"  from  Physiological  pursuits  into  another  channel — a  channel,  however,  no  less 
"  beneficial  I  trust  to  the  human  race. 

"  I  feel  much  obliged  and  honoured  by  your  attention  in  writing  to  me,  and 
"  trust  at  some  future  time  to  have  the  pleasure  of  a  personal  acquaintance. 

"  In  quoting  your  authority  in  favour  of  my  opinion  I  have  done  you  no  more 
"  than  justice.  Chemistry  is  an  admirable  auxiliary  to  physiology,  but  it  has 
"  been  recently  carried  to  the  most  absurd  lengths,  and  far  beyond  its  legiti- 
"  mate  application. 

"  I  remain,  dear  Sir,  yours  respectfully, 
"  Julius  Jeffreys,  Esq."  (Signed)        "WILLIAM  PROUT." 

*  "  Statics  of  the  Human  Chest,  Animal  Heat,"  &c. 

From  Sir  H.  HOLLAND,  Bart.,  F.  R.  S.  j,rom  Sir  H 

"Lower  Brook  Street,  Feb.  13,  1843.  Holland. 

"  My  dear  Sir, — I  feel  much  obliged  to  you  for  the  kindness  you  have  shewn, 
"  in  sending  me  your  work  on  "  The  Statics  of  the  Chest,"  etc.,  and  I  would 
"  thank  you  also  for  the  letter  accompanying  it. 

"  I  began  by  reading  the  Appendix,  and  I  may  tell  you  in  good  faith  that  I  am 
"  exceedingly  pleased  with  your  criticisms  on  Liebig  ;  the  more  so,  perhaps,  be- 
"  cause  many  of  the  objections  you  have  so  lucidly  stated  had  occurred  to  my  own 
"  mind,  and  led  me  to  doubt  the  stability  of  that  strong  impression  which  has 
"  been  made  upon  the  medical  world  of  the  time  being.  Much  deduction  from, 
"  or  modification  of  his  doctrines  must  be  made  before  they  can  stand 
"  thoroughly  good ;  and  your  criticisms  will  much  aid  to  this  object. 

"  I  have  not  read  more  than  a  part  of  the  work  itself ;  but  quite  enough  to 
"  appreciate  its  value. 

"Ever,  my  dear  Sir,  yours  very  truly, 
"  J.  Jeffreys,  Esq."  (Signed)  "  H.  HOLLAND." 

From  Dr.  PARIS.,  V.  P.  R.  S.  From  Dr 

"  My  dear  Sir, — I  received,  and  have  read  your  work  with  very  great  satis-  Paris. 
"  faction.  Were  I  to  express  the  amount  of  pleasure  and  instruction  1  have  derived 
"  from  it,  you  would  set  me  down  as  a  flatterer ;  but  believe  me  sincere  when  I 
"  tell  you  that  I  think  you  have  very  ably  and  satisfactorily  dispelled  fallacies 
"  that  have  long  clouded  very  important  points  in  physiology. 

"  Believe  me,  yours  faithfully, 
"  Julius  Jeffreys,  Esq.,  (Signed)        «<  J.  A.  PARIS." 

Dover  Street.    March  21,  1843." 

From  PROFESSOR  J.  F.  DANIELL.,  F.  R.  S.  FromProfcs- 

"  King's  College,  1 1th  Feb.  1843.        sor  Daniell. 
"  My  dear  Sir, — Pray  accept  my  best  thanks  for  your  kind  present  of  your 
u  book  and  the  accompanying  pamphlet.    I  shall  read  both  with  the  greatest 
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"  interest.  I  have  already  seen  enough  of  the  first  to  make  me  eager  to  peruse 
"  the  whole  with  as  little  delay  as  possible.  My  opinion  exactly  coincides  with 
"  yours. 

"  It  always  gives  me  pleasure  to  recollect  that  I  was  one  of  the  early  sub- 
"  scribers  of  the  testimonial  to  the  merits  of  the  Respirator.  I  have  never  ceased 
"  since,  pointing  it  out  as  one  of  the  best  illustrations  of  difficulties  overcome 
"  and  skilful  applications  of  scientific  principles  with  which  I  am  acquainted. 
"I  know  several  persons  who,  with  great  reason,  bless  the  inventor. 

"Believe  me,  dear  Sir, 

"  Very  faithfully  yours, 

"  Julius  Jeffreys,  Esq."  "J.  F.  DANIELL." 

jrr0m  Dr.  From  Dr.  MAYO. 

Mayo.  "My  dear  Sir, — I  have  been  very  slow  in  acknowledging  your  book  on  '  The 

"  Statics  of  the  Chest,'  etc. ;  and  allow  me  to  say  that  this  has  been  in  a 
"  great  measure  the  consequence  of  the  richness  and  largeness  of  its  contents. 
"  I  have  read  it  through  once,  and  am  proceeding  through  it  again.  I  wished 
"  to  digest  it  before  I  acknowledged  it. 

"  Besides  its  great  absolute  merit,  it  is  of  extreme  importance  in  modifying 
"  the  conclusions  which  Mr.  Liebig  considers  himself  to  have  arrived  at. 

"  Believe  me,  with  many  thanks  for  your  work, 

"  Yours  very  faithfully, 
J.  Jeffreys,  Esq.  (Signed)  "H.  MAYO." 

Wimpole  Street,  March  14th. 
"P.S. — I  beg  leave  to  add  that  I  have  testified  my  value  for  your  book  by 
"  recommending  it  to  my  friends." 

Temperance  To  public  and  social  questions  my  brother  lias  devoted  much 
question.  anxious  thoughts.    Being  struck  with  the  appalling  con- 

trast between  the  state  of  sobriety  even  in  heathen  countries  and 
what,  in  his  labours  amongst  his  poorer  countrymen,  he  found  to 
exist  here,  he  took  an  active  part  in  the  temperance  movement.  Con- 
vinced that  the  prevalent  opinion  as  to  the  necessity  of  an  habitual 
employment  of  alcoholic  fluids  to  support  labour  while  productive 
of  great  evil,  was  based  in  physiological  error,  he  obtained 
the  signature  of  most  of  the  leading  members  of  the  profession 
to  the  effect  that  such  fluids  are  requisite  neither  to  promote 
labour  nor  to  maintain  the  ordinary  health  of  man,  however 
requisite  for  the  enfeebled.  This  document  has  proved  of 
great  value  to  the  cause,  more  than  a  million  copies  of  it  having 
been  printed  in  this  country  and  America. 
Anti -Opium  His  acquaintance  from  of  old  with  the  opium  question  also  led 
China'  Ward  to  j0"1  a  Denev°lent  body  of  men,  chiefly  influential  Quakers, 
ma  ar*  in  the  Anti- Opium  Society,  andhe  published  in  1843  apamphlet  en- 
titled "  England  and  China,"  proving  the  iniquity  of  the 
China  war.  He  also  procured  a  professional  opinion,  widely 
signed  by  the  most  eminent  men,  against  any  but  a  medicinal  use 
of  opium,  and  denouncing  altogether  any  dietetic  or  luxurious  use 
of  it.  And  with  much  research  he  collected  evidence  from  China 
against  its  effects.  Of  this  opinion  and  evidence  the  Earl  of 
Shaftesbury,  then  Lord  Ashley,  made  much  use  in  an  important 
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resolution  he  moved  in  the  House  of  Commons  during  the  China 
war,  with  so  much  feeling  and  eloquence,  that,  in  the  state  of  the 
House  at  the  time,  he  might  have  carried  it  against  the  Govern-  Labourers' 
ment,  had  he  not  considered  it  right  to  yield  to  Sir  Robert  Peel's  ^"te°dAg°" 
earnest  exhortation  that  he  would  not  embarrass  them.  ^ety  presj°~ 

When  resident  in  London  my  brother  was  on  the  Committee  ded  over 
of  the  Labourers'  Friend  Society,  and  of  the  Distressed  Needle-  ™^  cl°["u' 
women's,  until  it  fell  to  his  lot  to  discover  the  irregular  manner  in  Lord  Shaf- 
which  the  latter  was  being  conducted.  Its  patron,  the  Earl  of  tesbury,  and 
Shaftesbury  (then  Lord  Ashley),  the  Honorable  William  Cowper,  meritius 

•  *   •  ■  Universal 

himself  and  others  of  the  Committee,  withdrew  from  it.  support. 

Besides  the  above  writings,  my  brother's  smaller  publications 
and  communications  to  societies  and  journals  have  been  various,  provi™the 
In  1838  he  presented  a  short  paper  to  the  Royal  Society,  and  in  solubility  of 
]  840  to  the  British  Association  for  the  Advancement  of  Science,  silica- 
on  the  solubility  of  Silica  in  water  at  very  high  temperatures, 
proved  by  an  extensive  experiment  made  by  him  in  India,  in 
which  silicious  minerals  were  copiously  dissolved  and  volatilized  in 
steam  at  a  white  heat — a  fact  bearing  with  force  on  geological 
evidence,  and  referred  to  as  such  by  the  late  Dr.  Mantell. 

In  the  London  Philosophical  Journal  is  a  paper  by  him  on  the  Experiment 
exosmosis  of  liquid  and  gaseous  particles,  detailing  certain  curious  on  the  com- 
experiments,  tending  to  prove  the  magnitude  of  gaseous  particles  paratWesize 
to  be  greater  than  of  liquid.    The  Medical  Gazette  of  1838,  and  °fali<luidand 

f1Qfo  .  .        .        H      .         n  ,      ■,  •  .  '  gaseous  par. 

ot  ibiz,  contains  two  series  oi  papers  by  rum,  one  series,  on  tides. 
Warmth  and  Ventilation,  and  the  other  on  Respiration,  and  the 
Atmospheric  Treatment  of  the  Lungs  and  Skin. 

Feeling  earnestly  on  the  moral  and  religious  bearing  of  cer-  Pamphlets, 
tain  public  questions,  he  has  published  anonymously,  and  circu- 
lated widely  at  his  own  expense,  pamphlets  on  "  The  Religious 
Question  of  Teetotalism,"  on  ct  The  Dissenters'  Chapels  Bill,"  on 
"  The  China  War,"  and  on  "  The  Main  Question  for  Church 
Laymen."  This  last  however  bears  his  name,  and  on  "  The  loss  of 
life  at  sea,  through  the  inefficiency  of  ships  boats." 

In  1851,  on  the  occasion  of  the  various  deplorable  accidents  at  pampyets 
sea,  from  the  defective  tackle  of  ship's  boats,  in  which  there  was  a  Invemion  of 
repeated  loss  of  many  lives,  he  undertook,  after  having  long  hoped  new  b«' 
that  some  improvement  would  be  made  in  ship's  boats,  from  the  £,e"<i?ntsan4 

•  i  •  i  XT  -  clearing  ap- 

time  he  had  witnessed  an  accident  on  a  voyage  to  India,  to  invent  paratus. 
an  apparatus  to  be  easy  of  construction,  cheap  and  manageable, 
which  could  not  get  out  of  order,  and  which  should  meet  every 
requirement  in  both  thehoisting  and  lowering  of  boats. 

The  equitable  right  to  this  invention  he  handed  over  to  the  Succcssful 
Shipwrecked  Fishermen  and  Mariners'  Society,  but  took  no  patent  trial  of  the 
for  it.    A  large  working  model  of  it  was  exhibited  at  one  of  the  above, 
soirees  of  the  President  of  the  Royal  Society,  Lord  Rosse,  and  at 
the  Royal  Institution.    With  but  a  few  exceptions  it  has  been 


28 


greatly  approved  by  naval  officers.  In  1853  he  took  the  model, 
when  on  a  tour  to  .North  Wales,  to  Liverpool,  -where  it  attracted 
much  attention.  Messrs.  Jones  and  Palmer,  the  spirited  and 
humane  owners  of  many  emigrant  ships,  immediately  adopted  it 
for  the  life  boat  of  a  large  vessel,  the  "  Goldfinder."  Its  action 
surpassed  the  expectation  even  of  those  most  favourable  to  the 
plan,  and  led  to  the  following  testimonials  being  readily  given  by 
gentlemen  of  the  longest  nautical  experience. 

Letter  from  From  Messrs.  JONES,  PALMER,  &  CO. 

MessrsJones  "  Exchange  Buildings, 

&c-  "  Liverpool,  28th  July,  1853. 

"  Julius  Jeffreys,  Esq.,  F.R.S. 

"  Dear  Sir, — We  have  great  pleasure  in  giving  our  testimony  to  the 
"  efficiency  of  your  apparatus  for  hoisting  and  lowering  ships'  boats,  which  has 
"  been  fitted  on  board  our  ship  Goldfinder,  and  has  received  the  approbation  of 
"  all  practical  men  who  have  seen  it  tried.  It  accomplishes,  in  the  most  perfect 
"  manner  we  have  seen,  the  two  great  requisites  of  lowering  both  ends  of  a 
"  boat  by  means  of  one  rope ;  and  of  detaching  both  ends  of  the  boat  by  letting 
"  go  one  lanyard. 

"  A  remarkable  illustration  of  the  latter  was  given,  when  the  Goldfinder 's 
"  life  boat  with  fifteen  people  in  her,  was  purposely  detached  in  a  moment,  from 
"  the  apparatus  when  four  feet  from  the  water,  and  allowed  to  fall  that  distance 
"  without  inconveniencing  those  in  her,  or  shipping  any  water. 

"  We  hope  shortly  to  hear  of  the  plan  being  adopted,  both  in  Her 
Majesty's  and  in  all  passenger  ships. 

"  We  remain,  dear  Sir, 

"  Yours  very  truly  and  obliged, 

(Signed,)  "  JONES,  PALMER,  &  CO." 

From  Capt.     From  CAPTAIN  SCHOMBERG,  R.N.,  Government  Emigration  Agent. 
Schomberg,  "  Government  Emigration  Office, 

'  '  "  Liverpool,  July  24th. 

"  Dear  Sir, — Having  observed  on  board  the  Goldfinder,  passenger  ship, 
"  from  this  port,  a  very  clever  and  ingenious  plan  of  lowering  and  hoisting 
"  quarter  boats  up,  as  also  a  very  simple  means  of  the  boat  escaping  from  the 
"  Hoisting  Apparatus,  or  Pendant,  I  beg  to  express  to  you  the  high  opinion  I 
"  hold  of  such  a  valuable  invention.  It  appeared  to  me  to  be  equally  applicable 
"  to  large  or  small  means  !  In  a  merchant  ship,  the  fall  can  be  brought  to  the 
"  capstan  ;  in  a  ship  of  war,  it  can  be  used  in  the  usual  manner  by  hand.  It 
"  would  enable  a  ship  of  the  line  to  carry  a  heavier  boat  than  is  now  carried, 
"  having  the  lowering  in  such  perfect  control ;  and  to  sum  up  the  whole  thing, 
"  I  think  it  well  worthy  of  practical  use. 

"  Believe  me,  dear  Sir, 

"  To  remain  most  faithfully, 
(Signed)  "  CHARLES  F.  SCHOMBERG,  Captain  R.  N." 
"  Julius  Jeffreys,  Esq." 

From  Lieut.  From  LIEUT.  WM.  LORD,  R.N.,  Marine  Surveyor,  Liverpool. 

Wm-  Lord>  »  Marine  Surveyor's  Office, 

K.N.         «  To  j  je1(freySi  Esq.  «  Liverpool,  July  22nd,  1853. 

"  Sir, — Having  witnessed  the  trial  of  your  invention  for  the  hoisting  and 
"  lowering  of  ships'  boats,  as  fitted  on  board  the  Australian  packet  ship 
"  Goldfinder,  at  this  port,  I  have  much  pleasure  in  bearing  testimony  to  the 
"  simplicity  and  efficiency  of  your  apparatus,  which  is  certainly  superior  to  any 
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"  I  have  previously  seen  ;  and  if  generally  adopted,  will  I  have  no  doubt,  be  the 
"  means  of  averting  many  of  those  fatal  accidents  which  occur  in  the  hoisting 
"  and  lowering  of  ships'  boats  in  cases  of  emergency. 

"  Yours  obediently, 

"  (Signed,)  WM.  LORD,  Lieut.  R.N., 

"  Marine  Surveyor." 

From  CAPTAIN  COOK,  Superintendent  of  Pilots,  Liverpool.  From  Capt. 

"  Superintendent  of  Pilots'  Office, 

"  Liverpool,  13th  July,  1853. 

"  Julius  Jeffreys,  Esq. 

"  Sir, — I  have  had  the  pleasure  to  witness  several  trials  of  your  invention 
"  for  lowering  and  hoisting  boats  on  board  the  Australian  packet  ship,  Goldfinder, 
"  now  fitting  out  at  this  port.  It  surpasses  anything  of  the  sort  I  have  ever 
"  seen.  Its  simplicity  in  operation  is  well  suited  for  the  purpose  of  saving  pas - 
"  sengers  or  landing  troops,  by  enabling  the  boat  to  be  fully  loaded  whilst  on  a 
"  level  with  the  rail ;  and  without  a  reference  to  the  inequality  of  weight, 
"  to  be  lowered  parallel  and  immediately  released  from  the  tackling.  Had  this 
"  plan  been  fixed  on  board  several  unfortunate  steamers,  many  lives  would  have 
"  been  saved.  I  consider  the  public  are  much  indebted  to  you  for  this  valuable, 
"  cheap,  and  simple  invention. 

"  I  have  the  honour  to  be,  Sir, 

"  Your  obedient  Servant, 
(Signed,)  "  JOS.  COOK, 
"  Superintendent  of  Pilots,  port  of  Liverpool." 

From  CAPTAIN  W.  A.  MITCHELL,  From  Capt. 

Surveyor  for  the  Liverpool  Underwriters'  Association.    Surveyors  Certificate  ^tchelL 

"  Underwriters'  Rooms, 

"  Liverpool,  20th  July,  1853. 
"  The  undersigned  witnessed  the  working  of  your  invention,  for  lower- 
"  ing  and  hoisting  of  boats,  on  board  the  ship  Goldfinder,  lying  in  the  Princes 
"  Dock,  and  my  opinion  is,  that  it  surpasses  any  invention  for  lowering  and 
"  hoisting  of  boats  that  ever  came  under  my  notice.  The  simplicity  of  con- 
"  necting  and  disconnecting  is  such,  that  under  any  circumstances,  in  a  rough 
"  sea,  with  common  caution,  no  accident  in  my  opinion  could  occur. 

«  W.  A.  MITCHELL, 

"  Surveyor  for  the  Liverpool  Underwriters'  Association." 

From  Mi-.  JOHN  CRAWFORD.  From  Mr. 

"  Liverpool,  23rd  July,  1853.  Crawlord. 
"  Sir, — I  have  inspected  your  invention  for  hoisting  and  lowering  boats 
"  fitted  on  board  the  ship  Goldfinder,  of  this  port,  now  bound  to  Australia,  and 
"  admire  it  for  its  simplicity  and  efficiency  of  connecting  and  disconnecting 
"  the  boat,  in  any  weather.  It  is  the  best  plan  that  has  come  under  my  notice 
"  for  the  safety  of  life. 

"  I  am,  Sir, 

"  Your  obedient  servant, 

"JOHN  CRAWFORD 

"  Overlooker  for  Messrs.  Taylor,  Potter,  and  Co." 
"Julius  Jeffreys,  Esq." 

The  attention  of  the  Admiralty  having  been  again  called  to  Tr!al  of  tho 
this  decisive  trial,  they  authorised  the  adapting  of  the  plan  to  a  {f^S 
man-of-war's  boat,  but  the  active  preparations  for  war  commenced,  miralty. 
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Invention 
of  the  de- 
flecting <b 
reflecting 
grate. 


and  the  execution  of  the  order  was  suspended  sine  die.  In  the 
mean  time  many  sad  accidents  connected  with  the  public  service 
have  been  published,  and  others  doubtless  have  occurred,  from 
defective  boat-tackle.  Amongst  them,  that  to  the  Europa,  in 
which  the  gallant  Colonel  Moore,  and  many  of  his  brave  soldiers 
perished,  as  well  as  some  of  the  crew.  Had  that  ship  been  fitted 
with  my  brother's  apparatus,  it  is  difficult  to  believe  that  the  whole 
of  the  lives  might  not  have  been  saved  with  certainty.  In  the 
mean  time,  also,  the  Gold-finder  has  returned  from  Australia,  and 
her  owners  have  been  so  well  pleased  with  the  apparatus,  as  to 
have  fitted  another  ship  with  it.  My  nephews,  the  Messrs. 
Nicol,  have  also  fitted  it  to  a  boat  of  their  screw  steamer  Army 
and  Navy,  now  in  the  Black  Sea,  and  state  that  they  have  already, 
on  different  occasions,  saved  Hves  from  accidents  they  have  witnessed, 
but  unconnected  with  their  own  ship,  which  must  have  perished 
had  they  depended  on  the  resources  of  the  vessels  concerned. 

Two  winters  ago  my  brother  contrived  a  grate  for  domestic 
use  (with  the  view  of  avoiding  the  domestic  smoke  of  towns), 
on  the  principle  of   changing  the  usual  upward  current,  to 
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Fig.  II.  and  III.— Vertical  Cross  Section  of  the  Deflecting  and  Reflecting 

Grate. 

A.— Ash  Pit.                                        d  R._Thc  Deflecting  Reflector. 
Jill.   -Fire  Back,  forming  in  Fig.  H.  the  I  ee.— -Front  Bars, 
bottom  also.  q  grate> 

rpig'niI-L~~B°Uom  Grate'  Al!— Mantel  Shelf. 

TVn~  }}mlcy-  P.— Asli  Pit  cover,  always  carefully  cioscd, 
uv.— Diaphragm,  or  partition.  except  to  remove  ashes. 
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one  backward  and  downward,  through  the  fuel,  so  as  to  transfer 
the  active  combustion  from  the  bottom  to  the  top  and  front,  the 
surfaces  towards  the  apartment;  and  then  to  reflect  into  the  room  by 
a  steel,  or  planished  tin  mirror,  such  of  the  brilliancy  thus  excited 
as  would  otherwise  shine  to  waste  up  the  chimney.  Nothing  can 
exceed  the  brilliancy  and  effect  of  this  fire.* 

In  Fig.  II.,  the  principle  of  this  grate  is  fully  developed.  The 
chimney  way  is  closed  by  a  sliding  Diaphragm,  or  <s  blower,"  DD. 
set  far  back,  and  carrying  at  its  lower  edge,  an  inclined  plate,  R. 
hinged  on  to  it,  that  the  angle  of  inclination  may  be  varied.  This 
plate  turns  the  current  down  through  the  fuel,  lying  in  the  shallow 
inclined  grate  G.  By  facing  the  Deflector  with  a  burnished  plate, 
it  becomes  also  a  reflector.  It  can  be  depressed,  or  raised  up  to 
the  position  of  the  dotted  lines,  d,  r,  by  winding  up  the  diaphragm, 
and  thus  the  force  of  the  draught  is  determined. 

In  Fig.  III.,  the  principle  is  adapted  to  existing  grates,  with 
the  view  of  avoiding  expense  and  of  offending  against  accustomed 
forms  as  little  as  possible.  In  this  form  it  is  particularly  suited 
for  the  combustion  of  smokeless  fuel,  as  coke,  &c.  But  if  the  first 
form,  Fig.  II.,  has  the  portion  i.  of  the  grate  closed  at  bottom, 
then,  by  pushing  up  the  bright  fuel  with  a  shovel  made  for  the 
purpose,  common  coal  may  be  laid  on  the  part  i.  Its  smoke 
sweeping  over  and  through  the  bright  fuel  above  it  at  G.  will  be 
nearly  all  consumed. 

But  to  get  rid,  with  certainty,  of  all  domestic  smoke  of  towns 
no  plan  can  equal  the  consumption  of  absolutely  smokeless  fuel. 
My  brother  therefore,  having  by  trial  satisfied  himself  that  the 
bituminous  part  of  coal  is  of  little  heating  value  in  a  radiant 
or  house  fire,  proposed  that  the  coal  should  be  coked  at  the  pits' 
mouth,  and  the  heat  evolved  in  the  process  be  employed  to  ripen 
fruits  in  hot  houses, 'for  sale  to  the  community  generally;  so  that 
London  smoke  instead  of  fouling  the  atmosphere,  might  henceforth 
be  represented  in  the  metropolis,  by  an  abundance  of  grateful  and 
wholesome  fruits. 

In  the  month  of  November  last  my  brother  submitted  to  the  Troposal  of 
Duke  of  Newcastle  a  plan  (based  on  a  large  erection  he  made  in  tomporary 
India)  for  constructing  barracks  for  soldiers  in  the  Crimea,  pro-  5arr!£lca  for 

.  .   '  .    n  °  i    t_        •  •  •  i  the  Cnmoa. 

mising  to  be  at  once  very  easy  ana  cheap  m  construction,  and  very 
warm  for  winter  and  cool  for  summer ;  and  also  proof  against  acci- 
dental conflagration.  The  proposal  was  politely  acknowledged, 
and  referred  to  the  Ordnance  Department ;  but  not  adopted. 

In  January  last  he  laid  before  the   Admiralty   plans  for  p]ans  for 
rendering  existing  ships  of  war  fire-proof;  for  constructing  new  ships  of  war 
ships  of  war  and  floating  batteries  on  a  principle  apparently  more  '^tej-0!ltiDg 

*  It  has  been  my  brother's  purpose,  as  soon  as  steps  can  be  taken  for  the 
introduction  of  this  grate,  to  transfer  the  property  to  a  medical  charity,  the 
objects  of  which  he  has  much  desired  to  promote,  and  for  which  purpose  the 
patent  has  been  secured. 
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suited  to  the  exigencies  of  the  times,  so  as  to  be  indestructible  by- 
fire,  and  for  giving  a  peculiar  form  to  batteries  to  ensure  their 
not  taking  ground  on  running  against  sand  or  shingle  banks. 

The  great  national  importance  of  the  objects  sought  in  this 
communication  to  the  Admiralty,  urges  me  to  step  beyond  my 
limits  in  this  instance,  and  to  insert  it  at  length,  as  it  afterwards 
appeared  in  the  "  Journal  of  the  Society  of  Arts,"  of  the  16th  of 
March. 

ON  THE  CONSTRUCTION  OF  SHIPS  OF  WAR. 
"  To  the  Editor, 

"  Sib, — The  national  importance  of  the  subject  prompted  the  drawing  tip 
of  the  following  paper  of  suggestions  for  improving  the  efficiency  of  our  ships 
of  war,  in  January  last,  not  indeed  with  any  assurance  that  the  Admiralty 
could  be  moved  by  an  individual  effort  to  so  progressive  a  step,  but  under  the 
impression  that  it  behoves  every  subject  of  the  state  to  do  what  in  him  lies  to 
strengthen  her  efforts  at  the  present  crisis,  whatever  may  be  his  opinion  as  to 
the  original  expediency  of  the  struggle  she  is  engaged  in. 

"  Though  more  than  one  engineer  of  the  first  ability  has  expressed  a  very 
favourable  opinion  of  certain  of  these  suggestions,  your  correspondent  is  quite 
prepared  for  various  grave  objections  being  raised  against  them.  To  such  all 
efforts  after  important  ends  must  be  obnoxious  in  this  our  sublunary  state, 
where  every  action  of  our  lives  is  but  a  choice  of  evils.  Any  plan  promising 
great  advantage,  free  of  all  disadvantages,  can  find  no  practical  realisation  in 
this  our  lower  world. 

"  Thus  the  stem  of  a  floating  battery  formed  as  in  Fig.  3  would  doubtless 
diminish  its  speed  ;  but  then,  speed  is  of  small  moment  for  it  in  comparison  with 
security  against  the  possibility  of  the  vessel's  grounding.  Again,  it  may  be 
questioned  if  the  stem  could  be  given  sufficient  strength  to  act  as  a  kind  of 
plough-share  over  so  large  an  area  of  sand,  even  though  the  vessel  should  be 
proceeding  cautiously ;  but  your  correspondent  has,  in  long  voyages  up  and 
down  the  river  Ganges,  so  repeatedly  watched  the  different  effects  of  shoaling 
against  sands  on  large  boats  of  various  forms  of  stem,  that  he  is  persuaded  a 
heavy  flat-bottom  vessel  could,  by  a  proper  construction  and  strutting  of  the 
stem,  be  better  prepared  to  receive  the  shock  of  a  cautious  speed  end  on,  than 
the  strain  of  rubbing  over  gravel  and  riding  up  an  incline  till  she  was  holf  out 
of  water.  But,  whatever  the  strain  it  involved,  the  object  sought  by  the  former 
construction — a  security  against  the  possibility  of  lying  helplessly  grounded  in 
shoal  water  under  the  fire  of  a  battery — is  one  of  too  great  importance  to  be 
relinquished  until  the  difficulties,  which  an  unaccustomed  form  may  suggest, 
have  been  demonstrated  insuperable,  either  upon  constructive  principle  or  by 
actual  trial. 

"  Nor  is  a  security  against  getting  aground  the  only  advantage  of  such  a 
construction.  A  vessel  so  formed  could  work  its  way,  by  repeated  impulses, 
from  one  deep  channel  to  another,  through  bars  at  the  mouths  of  rivers  and 
through  shoals  between  channels,  even  where  there  was  not  over  the  bar  or 
shoal  a  depth  of  water  equal  to,  perhaps,  half  the  vessel's  draught.  In  Asiatic 
rivers,  a  fleet  of  boats,  some  of  them  carrying  from  fifty  to  one  hundred  tons  of 
produce,  and  drawing  four  feet  of  water,  will  be  worked  through  a  long  and  firm 
sand,  over  which  there  are  not  two  feet  of  water,  by  mere  manual  labour ;  each 
vessel  in  turn  receiving  the  aid  of  two  or  three  crews  besides  its  own,  who  stand 
around  it  in  the  water,  and  simultaneously  jerk  the  vessel  forwards,  so  as  to 
agitate  the  sand  into  a  semi-fluid  state. 

"  The  question,  however,  of  paramount  importance  is  the  protection  of  ships- 
°  „  ti,    m  conflagration  !  and  it  is  the  chief  object  of  this  paper. 

1  he  structure  (Fig.  1.)  proposed  as  the  fabric  for  future  vessels  would 
obviously  possess  this  advantage  of  incombustibility  in  an  especial  degree, 
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not  form  the  strength  of  the  fabric  of  batteries,  nor  guard  them  from  instant 
conflagration  by  missiles  projected  through  their  port-holes,  and  conveying  fire 
to  exposed  surfaces,  while  they  must  seriously  increase  the  draught  of  the  ves- 
sel. Supposing  the  plating  over  the  deck  to  render  an  equal  weight  below 
necessary  as  ballast,  it  would  add  altogether  Jive- and-a-Tialf feet  to  the  draught! 

"  As  to  the  form  of  a  floating  battery. — It  is  desirable  that  it  should  be  so 
constructed  as  not  only  to  draw  as  little  water  as  practicable,  but  also,  if  possi- 
ble, to  suffer  no  injury  on  running  aground  upon  any  surface  but  solid  rock, 
and  to  have  a  tendency  to  float  off  by  itself,  or  easily  by  the  aid  of  its  engines. 
A  stem  formed  like  Fig.  3,  with  a  stout  recurved  foot  at  A,  of  massive  iron,  and 
a  perfectly  flat  bottom,  would  not,  on  striking,  ride  up  on  to  a  sand  or  shingle 
bank,  but  would  plough  for  the  vessel  a  level  bed,  over  which  she  would  float 


rig.  3. 


if  trimmed  slightly  down  by  the  head,  while  the  earth  heaped  up  ahead  would 
help  to  push  her  off  as  soon  as  her  momentum  ceased,  or,  if  desired,  she  might, 
by  returning  with  repeated  moderate  impulses,  cut  her  way  through  a  bank  of 
sand  to  a  deeper  channel. 

"  By  such  a  construction  the  whole  force  of  the  blow  would  be  thrown 
lengthways  against  the  bottom,  which,  if  massive  and  properly  framed  to  the 
stem,  and  embraced  by  iron  arms,  projecting  laterally  from  the  iron  foot  ahead, 
should  not  suffer  from  the  shock  of  any  cautious  motion  against  it,  end  on ; 
whereas  a  strain  to  a  vessel  riding  up  on  a  bank  might  be  much  greater,  while 
it  would  be  scarcely  possible  to  get  a  vessel  of  immense  weight  off  again  when 
under  fire. 

"  In  operations  against  land  batteries,  the  effectiveness  of  a  floating  battery 
would  be  greatly  increased  by  a  freedom  from  all  danger  in  shoal  water,  enabling 
it  to  operate  fearlessly  in  any  position." 

That  some  of  these  plans  must  in  time  be  adopted,  I  think  there 
can  hardly  be  a  doubt.  In  favour  of  some  of  them,  one  of  the 
highest  opinions  amongst  naval  engineers  has  been  decidedly- 
expressed. 

'roposed  In  January  he  also  laid  before  the  Board  of  Ordnance  certain 

"prove,  remarks  upon  the  construction  of  elongated  projectiles,  com- 
trdnance.  pounded  of  the  cone  and  cylinder  (for  great  and  small  arms),  which 
should  travel  steadily  point  on,  and  concentrate  the  momentum  in 
a  point  of  hard  steel,  as  the  most  effective  weapon  for  splitting 
stone  walls;  also,  upon  what  he  termed  the  " cradling "  of  the 
mouth  of  guns  (large  and  small)  to  preserve  the  direction 
of  the  shot  from  disturbance  by  any  side  blast  of  the  powder 
on  its  escape  from  the  mouth  of  the  piece.    In  all  these  pro- 
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iron  ships,  form  the  exterior  surface.  Let  from  6  inches  to  a  foot  of  wood  filling- 
in  b  1  (formed  of  any  tough  old  timber  or  cubical  blocks  of  wood,  with  cement 
to  fill  up  all  spaces)  come  next ;  then  a  table,  a  II.,  of  sheets  of  £  inch  iron 
be  nailed,  with  long  spiked  nails,  against  this  wood  filling  in  ;  the  edges  of  the 
sheets  beino-  nailed  over  each  other.  Let  a  second  layer  b  II.,  of  such  wood- 
work follow,  and  a  third  table  of  iron,  a  III.,  be  nailed  on  to  it,  and  so  on,  until 
the  wall  had  the  determined  thickness,  from  one  layer  of  wood  enclosed  in  iron 
upwards  to  any  extent  required. 

"  Then  let  bolts  of  1£  to  2  inch  round  iron,  pass  through  the  whole,  keying 
up  each  table  of  iron,  and  binding  the  whole  together  by  screw  nuts  ;  there 
might  be  one  such  bolt  to  every  square  yard  of  surface. 

"  Not  only  would  such  a  fabric  for  ships'  walls  possess  prodigious  strength, 
probably  surpassing  for  them  the  tubular  principle  of  bridges,  inasmuch  as  it 
would  be  solidly  firm  in  every  direction  against  the  countless  strains  in  floating 
vessels ;  so  that  with  proper  decking  of  a  like  kind,  and  truss-framing,  vessels 
of  gigantic  dimensions  might  be  made,  if  desired  ;  but  it  would  remove  all  dan- 
ger of  conflagration.  It  would,  likewise,  receive  solid  shot  in  the  very  best  way. 
The  sheet-iron  tables,  if  duly  proportioned  in  thickness  to  the  wood  supporting 
them,  would  be  punched  into  the  wood  behind  them,  as  into  a  die,  as  at  g  g, 
the  shot  driving  on  the  cup-like  pieces  before  it,  until  its  momentum  was  ex- 
hausted, which  cups  would,  indeed,  guard  the  wood  before  the  shot  from  singe- 
ing, though  this  is  of  minor  importance. 

"  Such  a  fabric  might  be  riddled  by  shot,  like  a  colander,  before  its  strength 
was  materially  impaired,  and  it  could  be  readily  repaired  by  driving  plugs  into 
the  shot-holes,  and  plating  over  the  outermost  table  of  iron  and  the  innermost 
also,  where  the  shot  went  clear  through  the  wall. 

"  It  is,  perhaps,  not  too  much  to  say,  that  a  large  ship  thus  constructed  would 
not  be  more  costly  per  ton  measurement  than  ordinary  ships  of  war.  While 
armed  with  suitable  missiles  of  conflagration,  [conveying  solid  and  liquid  fire,] 
it  might  set  a  whole  navy  of  ordinary  ships  at  defiance,  and  any  that  approached 
it  destructively  on  fire  in  a  few  minutes. 

"  A  floating  battery  fabricated  in  the  same  way,  but  more  massively  still,  and 
of  the  form  described  below,  might,  if  armed  with  a  missile  of  another  character, 
be  enabled  to  hew  down  stone  fortresses  impregnable  by  round  shot. 

"  The  writer  has  regretted  that  the  experimental  iron  ships  were  so  hastily 
denounced.  They  only  required  to  be  banked  up  with  wood  against  the  metal, 
and  this  again  lined  with  thinner  iron,  studded  to  it  with  nails,  to  make  them, 
perhaps,  the  most  serviceable  vessels  at  present  afloat.  The  wood  would  have 
served  as  a  die,  causing  the  outer  plating  of  iron  to  be  punched  into  it  by  round 
shot,  instead  of  being  extensively  crushed  in  and  torn. 

"  The  time  has  surely  come  when  future  ships  of  war  must  be  constructed  in 
a  totally  different  manner  from  the  present,  and  when  existing  ships  must  have 
every  air  passage  in  their  walls — every  feeder  of  conflagration — stuffed  with 
cement,  and  every  wooden  surface  cut  off  from  the  play  of  oxygen  by  plating 
with  metal. 


A  Woed  on  Floating  Batteries. 
"  Plates  of  solid  iron  four-and-a-half  or  five  inches  thick  overlying  wood  are  Floating 
reported^  to  stop  dead  the  largest  round  shot,  which  after,  causing  considerable  Batteries, 
indentation,  fly  to  pieces  against  them.    Would  it  not  be  prudent  to  try  the 
6  vv.  °f  UT0V£ht  ""on  snot>  (easily  made  by  compression,)  the  momentum  of 
which  cannot  be  thus  instantaneously  destroyed  by  diffraction,  before  trusting 
implicitly  to  even  five  inch  plates  ?    If  the  plates  are  still  sufficiently  resistant, 
their  object  will  be  secured  for  floating  batteries  ;  but  for  ships  of  war  generally 
they  would,  of  course,  be  inapplicable,  and,  as  said  to  be  employed,  they  do 
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"  A  shot,  however  intensely  heated,  penetrating  and  even  lodging  itself  in 
■wood  properly  coated  from  the  access  of  air,  could  only  reduce  two  or  three 
inches  of  wood  around  it  into  charcoal,  which,  without  air,  would  form  a  bed 
indestructible  by  any  heat  known,  and  eminently  non-conducting,  in  which  the 
shot  might  be  permitted  to  lie  for  any  length  of  time.  As  to  the  hole  made  by 
the  shot,  combustion  could  no  more  thrive  at  the  bottom  of  it  that  in  the  socket 
of  a  deep  candlestick  in  which  a  light  had  burnt  down  ;  and  the  hole  could 
always  be  stopped  for  the  time  with  clay  or  cement.  The  oxygen  in  the  woody 
fibre  itself,  only  suffices  to  blow  off  in  union  with  its  hydrogen  as  steam,  or  with 
a  little  carbon  also,  as  some  pyroligneous  compounds.  The  carbonaceous 
mass  of  the  wood  would  assuredly  remain  unconsumed,  so  long  as  air  had 
on  free  access  to  it.  [It  would  be  equally  proof  against  a  liquid  however 
spontaneously  combustible.]  There  is,  perhaps,  nothing  to  prevent  ships 
on  service  from  being  subjected  to  this  cementing  and  sheathing  process 
by  the  carpenters  and  engineers  on  board,  whenever  the  weather  is  fine  ;  planks 
at  different  levels  being  removed,  and  liquid  concreting  cement  being  poured 
into  all  crevices  to  fill  them  up  ;  the  surfaces  might  then  be  well  cased  with 
metal  from  the  water's  edge,  as  well  as  all  interior  surfaces. 

"  The  writer  is  next  led  to  repeat  a  proposal  for  the  construction  of  ships' 
walls  in  future,  which  he  made  last  year  to  an  able  officer  connected  with  the 
service. 

"  For  the  main  substance  of  ships'  walls,  woody  fibre  is,  perhaps,  the  best 
material.  But  mechanical  and  economical  principles  indicate  that  it  should  be 
employed  in  the  walls,  not  actively  as  their  framework,  but  what  may  be  termed 
passively,  rather ;  as  a  massive  support  to  the  material  of  active  strength,  and 
as  a  tough  bed  for  cushioning  shot — destroying  gradually  that  momentum  which 
cannot  be  instantaneously  annihilated. 

"  The  great  cohesive  power  of  iron  points  it  out  as  the  material  for  the  active 
strength  of  the  walls.  But  in  ships,  at  least,  to  give  it  a  shot-proof  thickness, 
cannot  be  thought  of.  Let  an  outer  table,  or  wall  of  iron,  a  1,  Fig.  I,  say  from 
a  quarter  to  one-third  of  an  inch  thick,  of  sheets  rivetted  together  as  in 

Fig.  1. 
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together  with  that  of  great  mechanical  strength,  and  of  rendering  the  timber  of 
old  ships,  if  sound,  and  merely  cubical  blocks  of  wood,  almost  equally  servicable 
for  new  vessels  with  the  primest  timber. 

"  It  is  in  no  warlike  spirit  that  these  proposals  have  been  tendered,  but,  under 
the  conviction  that,  so  long  as  a  spirit  of  ambition,  vain  glory,  and  aggression, 
shall  continue  implanted  in  man's  nature,  it  is  necessary  that  this  country  (while 
more  earnest  than  hitherto  in  surpressing  these  evil  emotions  in  herself,)  should 
possess  a  defensive  navy  of  commanding  strength  ;  and  it  is  not  in  a  dogmatic 
spirit,  but  a  suggestive  and  deferential  one,  that  this  paper  is  submitted  to  the 
attention  of  the  Members  of  the  Society  of  Arts,  through  its  ably-conducted 
Journal,  with  the  view  of  inviting  to  the  questions  proposed  the  inventive  and 
constructive  talent  which  abounds  amongst  them,  and  which,  if  duly  encouraged 
by  those  who  have  assumed  charge  of  the  public  interests,  would,  doubtless,  be 
successfully  exerted  for  the  nation's  good. 

I  am,  Sir,  your  obedient  Servant, 

Kingston  Hill,  Surrey,  Feb.  28,  1855.  JULIUS  JEFFREYS." 

«  REMARKS  ON  SHIPS  OF  WAR  AND  FLOATING  BATTERIES. 

"  In  these  days  of  incandescent  projectiles,  combustible  ships  of  war  promise 
to  become  about  as  serviceable  as  would  be  combustible  fire-places. 

"  Not  only  do  red-hot  shot  imperil  the  wooden  walls  of  England,  but  it  would 
be  easy  to  suggest  a  more  dangerous  missile  of  conflagration  still,  from  the  action 
of  which,  probably,  nothing  could  save  ships,  as  at  present  built,  from  suffering 
destruction.  [Hollow  shot  may  be  filled  with  naphtha,  or  like  fluid,  and  fired 
(with  two  fuses  in  opposite  holes,)  so  as  to  lodge  in  a  ship's  side.  On  the  fuses 
burning  down,  the  liquid  would  run  out  on  fire.  Water  applied  would  only 
aggravate  the  effect,  by  floating  onward  the  burning  oil.  Nothing  could  save 
ships,  as  at  present  built,  from  destruction  by  such  liquid  fire  running  down 
through  all  air-spaces.  The  addition  of  sulphur  and  phosphorus  would  probably 
render  the  fluid  spontaneously  combustible  on  exposure  to  air ;  but  this  would 
scarcely  be  necessary,  as  the  fuses  would  be  certain  to  set  it  on  fire.]* 

"  Were  all  the  air-spaces  in  ships'  walls  as  necessary  as  is  commonly  imagined 
for  retarding  decay,  they  are,  in  these  days  of  projectile  heat,  so  imminently 
dangerous  as  feeders  of  combustion,  that  it  is  a  question  whether  every  ship  in 
the  navy  ought  not  to  be  immediately  uncased  sufficiently  for  all  these  inter- 
stices to  be  filled  up  thoroughly  with  cement.  But  this  cementing  would  also 
put  an  end  to  that  infiltration  of  air  and  moisture  which  is  the  real  cause  of 
rotting,  and  which  is  now  rudely  remedied  by  a  rush  of  air.  If  air  were  really 
needful  to  prevent  rotting,  the  heart  of  every  thick  timber  to  which  air  has 
no  access  would  be  the  first  part,  instead  of  the  last,  to  rot.  On  every  account, 
then,  air  should  be  shut  out  from  every  part  of  the  fabric  of  a  ship. 

"  Having  filled  up  all  interstices,  the  next  point  is  to  allow  no  wooden  sur- 
faces to  be  exposed,  but  to  coat  them  everywhere  with  sheet-metal,  say  copper 
on  the  outside  and  ironj-  on  the  inside  of  the  walls,  and  decks,J  and  iron  round 
beams,  &c.    Quite  thin  metal  would  answer,  if  studded  over  with  nails. 

•  This  portion  in  brackets  is  inserted  from  my  brother's  communication  to  the  Admiralty,  in 
January.  It  was  purposely  omitted  in  the  published  paper  for  obvious  reasons,  but,  as  in  the 
recent  experiments  of  Captain  Disney,  detailed  in  The  Times,  a  shell  very  similar  in  character 
is  described,  there  is  no  longer  any  reason  for  surpressing  the  suggestion.  Though  it  appears 
to  have  been  first  officially  made  by  my  brother,  it  is  of  little  importance  to  whom  the  thought 
may  have  first  occurred.  That  it  should  have  occurred  separately  to  two  or  three  persons,  un- 
known to  each  other,  gives  it  an  importance,  to  neglect  which  may  lead  to  results  of  a  most 
serious  character ;  whereas,  an  engineer  of  the  first  authority  has  expressed  his  opinion  that  my 
brother's  plans  would  render  ships  proof  against  all  such  conflagrating  agents ;  so  long  as  their 
fabric  held  together. 

f  Or  iron  on  the  outside  of  the  ship  above  water  would  answer  if  well  painted  over,  though 
no  galvanic  action  between  the  two  metals  is  to  be  feared  through  the  massive  and  dry  walls. 

t  0ver  tlie  mctal  casing  of  decks  thin  planks  of  hard  wood  might  be  nailed  down,  to  keep  the 
feet  of  the  crew  from  the  slippery  and  conducting  metal.  This  planking,  on  taking  fire,  could 
burn  but  feebly,  if  at  all,  over  metal,  and  could  communicate  no  combustion  through  it. 
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posals  relating  to  the  public  service,  my  brother  had  no  per- 
sonal or  pecuniary  interest  whatever ;  and  has  considered  them 
justified  by  a  desire,  felt  in  common  with  every  one,  for  the  pre- 
servation of  our  forces,  and  for  an  early  and  successful  termination 
of  the  war,  without  any  reference  to  the  duty  or  expediency  of 
engaging  in  it,  or  in  most  of  our  other  great  wars. 

His  attention  has  been  recently  given  to  inventions  for  per-  V  a  r  i  o  u « 
sonal,  and  for  domestic  purposes,  which  promise  to  be  of  much  j^g0^-^ 
use,  and  will  be  introduced  by  manufacturers. 

Connected  with  improvements  in  the  useful  arts,  &c,  my 
brother  has  made  many  successful  inventions  in  machinery,  in 
apparatus,  and  in  chemical  processes,  to  which  I  have  not  referred. 
A  full  description  of  his  experiments  connected  with  the  generating 
and  refining  of  one  important  staple  of  Indian  produce,  salt-petre, 
alone,  and  the  great  scale  upon  which  he  reduced  into  practice 
with  entire  success,  a  novel  method  of  refining  by  one  operation 
its  crudest  into  its  purest  forms,  together  with  a  description  of  the 
construction  of  the  extensive  works  for  the  purpose,  full  of  peculiar 
apparatus  (and  that  in  a  rude  and  distant  province  wholly  unaided 
by  European  engineering  and  manufacturing  art),  would  itself 
fill  a  pamphlet  of  considerable  bulk.  Yet  this  was  by  no  means 
his  chief  effort  in  the  improvement  of  the  arts  and  developing  of 
the  resources  of  India.*  During  the  whole  time  of  such  occupa- 
tions, he  was  noting  phenomena  and  drawing  inferences  of  a 
purely  philosophical  character,  as  his  writings  abundantly  prove. 
That  his  labours  have  not  been  made  more  public,  is  due  to  his 
very  retired  and  unambitious  habits.  For  the  same  reasons  several 
of  his  inventions  though  perfectly  successful,  have  remained 
unnoticed;  a  fact  which  I  think  it  right  to  mention,  on  ac- 
count of  the  utility  and  importance  of  their  objects ;  while  the 
limited  space  of  this  biographical  notice,  does  not  admit  of  their 
being  described,  for  which  drawings  would  be  necessary. 

*  My  brother  concluded  his  papers  on  India  referred  to  in  p.  11,  with  the 
following  emphatic  aspiration  for  the  improvement  of  its  people  and  its  resour- 
ces ;  to  which  he  had  so  successfully  devoted  his  efforts. 

"  It  is  to  be  feared  that  at  present,  no  considerable  part  of  the  revenues  of 
India  is  likely  to  be  devoted  to  the  purposes  recommended, — to  commencing  ■-. 
that  movement,  to  which  alone  we  can  look  for  any  advancement  of  the 
people  towards  a  state  of  prosperity,  and  any  increase  in  the  revenues  of  the 
government : — not  a  movement,  indeed,  of  armies  for  the  territorial  enlarge- 
ment of  British  India,  but  of  mind  for  the  enlargement  of  her  resources  : — not 
an  increase  of  superficies,  but  of  solidity  : — not  an  acquisition  of  more  land, 
but  a  deeper  cultivation  of  that  we  possess ;  a  drawing  of  more  produce  from 
the  surface  of  India  and  more  minerals  from  its  bowels  :— not  a  heaping  of  peo- 
ple upon  people,  but  a  judicious  distribution  of  those  we  have ;  a  transfer  of 
millions  at  present  jammed  in  the  agrarian  crowd  to  all  other  pursuits  of  civili- 
zed men  ;  a  portion  of  them  to  the  service  of  the  state." 

H 
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The  following  learned  Societies  have  done  him  the  honour 
of  electing  him  into  fellowship  with  them  : — 
The  Royal  Society  in  1840. 

The  Eoyal  Medical  and  Chirurgical  Society  in  1838. 
The  Statistical  Society  in  1845. 
The  Geological  Society  in  1846. 
The  Royal  Institution  in  1838. 

Concluding  In  concluding  this  brief  sketch  of  my  brother's  pursuits,  I 
remarks,  have  to  express  a  hope  that  I  shall  not  have  appeared  to  the 
reader,  who  has  done  me  the  favour  of  perusing  it,  to  have  allowed 
my  partiality  as  a  brother  to  draw  from  me  any  eulogistic  ex- 
pressions not  fully  justified  by  the  numerous  facts  I  have  adduced, 
and  by  the  many  flattering  testimonials  from  the  first  authorities 
in  the  various  fields  of  research  and  effort  to  which  my  brother's 
attention  has  been  directed.  They  who  know  how  much  care  and 
thought  are  requisite  for  discovering  in  the  well-trod  paths  of 
any  single  science  matter  at  once  original  and  sound,  and  they 
who  know  how  much  of  thought,  time  and  labour  any  single 
invention  in  the  field  of  practical  science  will  consume,  first  in  its 
conception  and  then  in  its  realization  in  an  efficient  and  useful 
form,  will  best  appreciate  the  labours  of  which  the  preceding 
pages  afford  but  a  very  imperfect  outline. 

EDWARD  JEFFREYS, 

Lieutenant-Colonel, 

Bengal  Army. 

Kingston, 
August,  1855. 


J.  &  L  Tirebuck,  Printers  and  Lithographers,  Monkwt-11  Street,  City. 
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TABLE  n. 
Table  illustrating  a  Mine  Explosion. 


BEFORE  EXPLOSION. 

AFTER  EXPLOSION. 

5  vols,  of 
Carbitretted 
Hydrogen. 
5CH2 

40  vols,  of 
Atmospheric 

Aii-. 
80  +  32N 

2  vols,  of 
Vapour  of 
Carbon. 
2  C 

3  vols,  of 
Carbonic 
Acid  Gas. 
3  C02 

10  vols,  of 
Vapour  of 

Water. 

10  HO 

32  vols,  of 
Nitrogen 
Gas. 
32  N 

C  1  vol. 

c 

1  vol. 

C  1  vol. 

c 

1  vol. 

f!  1  vnl 

Kj    L   \  Ul. 

OO 

4  vol.) 
i  vol.  j 

\jKJt,    1  VOl. 

C  1  vol. 

oo 

4  vol.  \ 

4  vol.  J 

C02  1  vol. 

C  1  vol. 

oo 

4  vol.) 

4  vol.] 

C03  1  vol. 

H  1  vol. 

0 

4  vol. 

HO 

1  vol. 

a  i  vol. 

0 

4  vol. 

HO 

1  vol. 

T-I    1  vnl 
11    1   \  Ul. 

0 

i  vol. 

HO 

1  vol. 

H  1  vol. 

0 

4  vol. 

HO 

1  vol. 

H  1  vol. 

0 

4  vol. 

HO 

1  vol. 

H  1  vol. 

0 

4  vol. 

HO 

1  vol. 

H  1  vol. 

0 

i  vol.  • 

HO 

1  vol. 

11  1  vol. 

0 

4  vol. 

HO 

1  vol. 

H  1  vol. 

0 

4  vol. 

HO 

1  vol. 

11  1  vol. 

0 
N 

i  vol. 
32  vols. 

HO 

1  vol. 

N  32  vols. 

The  chemical  equivalent  of  oxygen  by  volume,  or  the  combining  volume  of 
oxygen,  being  a  half-vol.,  the  8  vols,  of  oxygen  which  are  in  mechanical  mixture 
in  the  air  before  explosion  represent  the  10  equivalents  or  16  half- vols,  which  are  in 
chemical  combination  with  the  carbon  ami  hydrogen  after  explosion. 
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The  Chairman  thought  a  more  interesting  and  important  paper  could 
not  have  been  brought  before  the  Institution,  for  every  one  acquainted  with 
the  working  of  collieries  must  be  aware  of  the  great  value  of  thoroughly 
efficient  ventilation,  and  the  danger  and  serious  risk  of  life  attending  any 
imperfection  in  the  system.  Only  a  few  months  previously  an  explosion  had 
occurred  in  Wales,  by  which  more  than  a  hundred  persons  had  been  killed 
in  one  pit,  showing  the  necessity  of  adopting  some  efficient  system  of 
ventilation,  that  would  not  be  liable  to  derangement  from  accidental  causes; 
and  the  method  now  described  was  certainly  a  very  simple  and  mechanical 
way  of  accomplishing  this  object.  Several  attempts  at  mechanical  ventila- 
tion had  been  made  previously,  but  did  not  appear  to  have  met  with  much 
success  in  actual  adoption  :  mechanical  means  had  been  tried,  he  believed, 
more  in  Wales  than  elsewhere,  because  the  coal  in  that  district  contained 
such  a  large  proportion  of  explosive  compounds.  He  enquired  what  were 
the  essential  points  of  difference  in  the  previous  methods  from  the  one  now 
described. 

Mr.  Rogers  replied  that  there  was  nothing  new  in  the  principle  of 
ventilation  by  purely  mechanical  means;  the  same  principle  had  been  in  use 
centuries  ago  on  the  continent,  although  of  comparatively  recent  intro- 
duction into  this  country.  The  old  German  miners  had  used  an  inverted 
tub,  placed  in  water,  and  worked  up  and  down  by  a  lever,  with  an  ah  valve 
at  the  top  opening  inwards,  the  fresh  ah  being  alternately  drawn  into  the  tub 
and  expelled  along  an  air  main  conducting  it  into  the  workings.  This  rude 
contrivance  had  been  recently  improved  and  the  plan  carried  out  on  a  large 
scale  in  StruVe's  ventilator,  in  which  the  inverted  air  vessels  were  like  large 
gasometers  ;  but  the  apparatus  was  expensive  and  proved  troublesome  in 
working.  Rotary  ventilators,  acting  on  the  principle  of  the  screw,  had 
been  tried  in  some  cases  ;  and  the  fan  had  also  been  applied,  but  without 
success,  in  consequence,  he  considered,  of  a  want  of  mechanical  knowledge 
on  the  part  of  those  who  had  sought  to  adopt  this  method  of  ventdation. 
The  need  of  sound  mechanical  applications  in  carrying  out  improvements 
of  this  nature  formed  his  principal  reason  for  bringing  the  present  subject 
before  the  Institution,  with  the  view  of  drawing  attention  to  its  importance. 

The  fan  at  Abercarn  had  proved  completely  successfid,  and  he  was  not 
aware  that  any  really  effective  machine  had  been  produced  previously ;  but 
the  subsequent  one  at  Skiar  Spring  Colliery  was  still  better,  and  experience 
would  no  doubt  lead  to  yet  farther  improvements,  particularly  in  a  still 
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farther  increase  of  the  diameter  of  the  fan.  In  some  of  the  early  attempts 
the  ah-  was  forced  down  the  pit  by  a  blowing  fan,  which  was  beginning  at 
the  wrong  end  of  the  process ;  and  another  mistake  that  had  been  made  was 
that  the  area  of  the  branch  air  passages  was  too  small  at  the  point  of  taking 
off  the  air,  causing  a  serious  waste  of  power  and  a  check  to  the  current  in 
passing  the  contracted  parts.  In  Mr.  Nasmyth's  fan  the  simple  direct- 
acting  engine  was  an  important  feature,  together  with  the  compact 
arrangement  of  the  machinery,  requiring  no  foundation  but  the  fan  case 
itself,  and  giving  no  trouble  in  keeping  it  in  repair.  The  engine  was 
capable  of  driving  the  fan  at  100  to  120  revolutions  per  minute  if  requisite 
in  an  emergency,  but  the  ordinary  speed  was  50  or  60  revolutions  per 
minute.  This  fan  had  been  two  years  in  constant  work,  without  requiring 
any  repair,  and  appeared  in  as  good  order  now  as  at  first  starting;  the  cost 
of  working,  as  compared  with  the  old  imperfect  furnace  ventilation,  was 
remarkably  small,  the  fan  saving  certainly  9-10ths  of  the  fuel  consumed  by 
the  ordinary  ventilating  furnace.  The  efficiency  of  the  air  valve  covering 
the  top  of  the  pit  was  an  unexpected  result,  and  simplified  the  construction 
of  the  apparatus  considerably.  It  had  been  thought  originally  that  two  air 
valves  would  be  required,  to  prevent  loss  by  drawing  in  ah-  direct  from  the 
top  of  the  pit,  and  double  valves  had  consequently  been  provided ;  but  this 
provision  was  found  unnecessary,  as  it  appeared  that  a  column  of  air  of  so 
great  length,  extending  over  12  or  15  miles  through  the  mine,  when  once 
set  in  motion,  was  not  perceptibly  affected  by  a  slight  check  at  the  end  of 
its  course,  and  was  not  disturbed  by  the  passage  of  the  cage  in  and  out  of 
the  mouth  of  the  pit ;  the  simple  flat  door  at  the  top  accordingly  answered 
the  purpose  completely.  In  the  erection  of  subsequent  fans  the  construc- 
tion might  be  farther  simpbfied  by  the  substitution  of  thin  stone  or  brick 
walls  on  each  side  of  the  fan,  in  place  of  the  present  iron  casing,  with 
the  advantage  of  cheapness  and  facility  for  renewal  or  repair. 

The  Chairman  observed  that  the  plan  now  described  appeared  to  be 
far  superior  to  the  ordinary  system  of  furnace  ventilation,  in  which  a  large 
furnace  was  kept  burning  at  the  bottom  of  the  shaft,  so  as  to  rarefy  the  air 
and  make  the  requisite  draught  up  the  shaft  to  draw  the  current  of  air 
through  the  mine.  Such  a  method  was  unavoidably  attended  with  continual 
variations  in  the  current  of  air  through  the  workings,  as  the  fires  fluctuated 
according  to  the  brightness  or  dullness  of  burning  at  different  times, 
and  the  ventilation  was  directly  affected  by  irregularities  in  keeping  up  the 
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fires  and  variations  in  the  state  of  the  atmosphere.  The  use  of  jets  of 
steam  for  ventilation,  proposed  by  Mr.  Gumey,  had  recently  been  in  favour, 
the  steam  acting  in  the  same  manner  as  the  blast  in  the  chimney  of  a 
locomotive  engine ;  he  enquired  what  was  the  general  result  of  this  plan, 
and  whether  it  was  now  in  regular  work. 

Mi-.  Rogers  thought  the  employment  of  steam  jets  must  always  be  an 
imperfect  and  expensive  mode  of  applying  steam  power  for  ventilation  ;  it 
was  much  preferable  to  apply  the  steam  direct  to  work  a  fan,  by  which 
means  a  low  pressure  of  steam  could  be  made  fully  available.  He  did  not 
think  the  plan  of  steam  jets  was  continued  in  practical  use ;  one  serious 
objection  to  it,  that  was  experienced  when  tried  on  a  large  scale,  was  the 
constant  shower  of  water  caused  by  condensation,  from  the  large  quantity 
of  steam  thrown  into  the  air  shaft. 

Mr.  Hawkes  asked  what  degree  of  vacuum  in  inches  of  water  was 
obtained  by  the  fan  ventilation,  and  how  the  velocity  of  the  air  had  been 
estimated.  From  5  inch  to  f  inch  of  water  was,  he  had  found,  the  ordinary 
vacuum  obtained  in  stationary  engine  chimneys. 

Mr.  Rogers  had  found  in  his  own  experiments  from  £  inch  to  1  inch  of 
water  pressure,  according  to  the  speed  of  the  fan  ;  he  had  tried  the  vacuum 
by  means  of  a  water  gauge,  and  had  also  estimated  the  velocity  of  the  air 
by  Dr.  Hutton's  theoretical  calculations.  The  results  had  been  checked  by 
Biram's  and  other  anemometers,  and  had  been  found  to  agree  very  well. 
A  third  test  had  been  tried  by  firing  powder  at  measured  distances  in  the 
workings  by  means  of  a  voltaic  battery  at  the  surface,  the  time  of  passage 
of  the  powder  smoke  to  the  surface  being  noted  by  a  watch. 

Mr.  Hawkes  asked  what  amount  of  vacuum  was  obtained  in  the 
ordinary  furnace  ventilation  of  collieries. 

The  Chairman  said  that  the  information  on  this  point  was  very 
imperfect,  from  the  uncertainty  about  the  experiments ;  he  supposed  the 
vacuum  was  generally  below  1  inch  of  water,  perhaps  considerably  less  : 
but  in  large  deep  mines  a  vacuum  of  as  much  as  2  inches  of  water  was 
sometimes  required  to  overcome  the  resistance  to  the  current  in  the 
workings. 

Mr.  Rogers  remarked  that  there  were  several  disturbing  causes  to  be 
taken  into  consideration,  and  great  precautions  were  necessary  in  ascer- 
taining the  vacuum  correctly.  The  barometer  showed  1  inch  difference  of 
height  at  the  top  and  bottom  of  a  deep  shaft,  such  as  that  at  Abercaru  of 
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nearly  900  feet  depth,  where  it  stood  at  29  inches  at  the  top,  while  it 
showed  30  inches  at  the  bottom.  The  particulars  of  the  height  of  the 
barometer  and  difference  of  temperature  had  been  noted  in  Iris  experiments, 
and  were  given  in  the  table  appended  to  the  paper,  together  with  the 
degree  of  vacuum  arising  from  the  natural  ventilation  due  to  the  difference 
of  temperature,  which  amounted  to  about  a  inch  of  water. 

-Mr.  Shelley  enquired  whether  the  distance  of  the  fan  from  the  pit 
mouth  and  its  relative  position  were  material  for  its  good  working. 

Mr.  Rogers  said  the  distance  of  the  fan  from  the  shaft  was  immaterial, 
provided  that  the  air  passage  from  the  pit  to  the  fan  was  of  the  full  size, 
free  from  contractions  or  obstructions.  All  that  appeared  requisite  was  to 
make  the  fan  large  enough  to  have  an  ample  margin  of  surplus  power  of 
ventilation,  without  requiring  a  high  speed  of  working;  and  from  the 
residts  of  his  experience  he  should  certainly  recommend  in  future  a 
considerably  larger  size  of  fan,  probably  as  large  as  21  feet  in  diameter. 

Mr.  Hawkes  mentioned  that  a  species  of  fan  for  ventilation  had  been 
tried  many  years  ago  by  Mr.  Brunton,  acting  somewhat  on  the  principle  of 
a  screw,  to  which  allusion  had  been  made  ;  but  he  was  not  aware  what 
results  had  been  obtained  with  it.  He  remembered  that  Mr.  Nasmyth  had 
read  a  paper  on  the  subject  of  ventilating  fans  at  the  meeting  of  the  British 
Association  at  Ipswich  several  years  ago,  but  thought  the  arrangement 
then  proposed  was  different  from  that  now  described. 

The  Chairman  asked  what  was  the  construction  of  the  ventdating  fan 
at  Mr.  Powell's  colliery  in  South  Wales,  which  was  probably  the  one 
referred  to  as  Mr.  Brunton's,  and  whether  it  was  at  work  now  or  had  been 
given  up. 

Mr.  Rogers  replied  that  was  the  fan  on  Mr.  Brunton's  plan,  and  he 
remembered  seeing  it  first  put  to  work  about  nine  years  ago ;  it  was  a 
horizontal  wheel  about  9  feet  diameter  covering  the  top  of  the  ah-  shaft, 
with  a  large  number  of  vanes  set  inclined  like  the  vanes  of  a  windmill  or 
the  blades  of  a  screw  ;  the  air  had  access  to  the  vanes  on  the  underside, 
and  was  expelled  from  the  upper  side  of  the  fan.  The  plan  was  found  to 
be  imperfect  and  unsatisfactory  as  a  means  of  ventilation,  and  he  believed 
it  had  been  entirely  abandoned.  In  the  paper  read  before  the  British 
Association  that  had  been  referred  to,  Mr.  Nasmyth  proposed  a  fan  only 
about  4 \  or  4^  feet  diameter,  which  was  so  small  a  size  that  it  would  not 
have  at  all  answered  the  purpose.    The  large  size  of  the  present  fan  was 
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the  most  important  feature  in  the  improvement,  by  which  indeed  the 
practical  difficulties  had  been  overcome.  The  whole  credit  of  the  calcula- 
tions and  arrangements  in  the  form  of  the  present  fan  was  due  to 
Mr.  Nasmyth,  and  they  were  founded  on  the  results  of  his  experience ;  there 
might  no  doubt  be  many  modifications  of  the  form  and  proportions  of  the 
different  parts  of  the  fan,  but  these  did  not  appear  to  be  material  points, 
and  the  simple  construction  that  had  been  described  appeared  practically 
as  good  as  any.  He  might  mention  that  the  plan  had  been  thrown  open 
by  Mr.  Nasmyth  for  general  use,  without  reserving  any  exclusive  right  in  it. 

Mr.  Cochrane  thought  a  great  feature  in  the  plan  of  fan  ventilation 
was  the  simplicity  of  the  apparatus,  and  the  smallness  of  cost,  and  also 
the  applicability  to  deep  mines ;  the  great  freedom  from  risk  of  derange- 
ment was  an  essential  point,  removing  the  objection  ordinarily  urged 
against  ventilation  by  mechanical  means.  Any  plan  which  tended  to 
preserve  life  was  of  great  value,  and  the  fan  ventilation  was  certainly  an 
important  step  in  the  right  direction  ;  great  credit  was  due  to  Mr.  Rogers 
for  investigating  the  subject  so  completely,  and  making  such  a  thorough 
practical  trial  of  the  plan.  There  was  no  doubt  this  fan  was  doing  the 
work  of  ventilation  admirably,  and  he  thought  surpassing  aU  other  plans, 
and  it  required  only  to  be  better  known  to  be  extensively  adopted ;  they 
were  greatly  indebted  to  Mr.  Nasmyth  for  effecting  this  valuable  improve- 
ment in  the  mode  of  ventilating  mines. 

Mr.  Rogers  observed  that  the  power  of  suddenly  increasing  the 
current  of  air  through  the  workings  in  any  emergency  was  a  great  advan- 
tage over  the  ordinary  furnace  ventilation,  in  which  no  such  change  was 
practicable.  He  was  convinced  that  the  majority  of  deaths  from  explosions 
resulted  from  the  suffocating  effects  of  the  after  clamp,  and  not  from  injuries 
occasioned  by  the  explosion  itself ;  and  in  cases  where  men  recovered  after 
an  explosion,  it  was  observed  that  a  quantity  of  black  carbonaceous 
matter,  or  "  coal  dust"  as  it  was  termed  by  the  miners,  was  first  thrown 
off  the  lungs;  this  was  the  result  of  the  deposition  of  carbon  in  the 
atmosphere  that  had  been  inhaled ;  for  every  45  volumes  of  fire  damp, 
which  was  a  mixture  of  carburetted  hydrogen  and  air,  produced  in  the 
explosion  2  volumes  of  vapour  of  carbon,  which  was  precipitated  in  the 
form  of  minute  black  flakes  filling  the  air.  In  the  case  mentioned  hi  the 
paper,  the  result  of  suddenly  turning  the  steam  full  on  to  the  engine  of 
v  the  fan  was  remarkable ;  an  immense  volume  of  air,  probably  70000  or 
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80000  cubic  feet  per  minute,  instantly  swept  through  the  works  like  a 
hurricane,  and  carried  off  with  it  all  the  particles  of  carbon  precipitated  in 
the  ah-.  With  the  furnace  however  the  ventilation  might  have  been 
deranged  by  the  explosion,  and  thus  made  worse  instead  of  better  at  the 
very  moment  when  most  needed. 

The  Chairman  remarked  that  another  advantage  in  the  fan,  that  had 
not  been  directly  alluded  to,  would  be  the  uniformity  with  which  the 
ventilation  was  constantly  maintained ;  he  had  no  hesitation  in  saying  that 
the  loss  of  life  from  bad  ventilation  was  much  greater  than  that  from 
explosions,  as  the  men  working  in  the  pit  were  exposed  to  bad  air 
constantly,  and  the  effects  must  tell  seriously  on  their  health  when  the 
ventilation  was  defective  for  any  length  of  time,  which  was  liable  to  be 
the  case  frequently  with  the  ordinary  mode  of  ventilation. 

Mr.  Ramsbottom  thought  the  fan  an  exceedingly  perfect  machine ; 
the  leading  feature  in  the  mechanical  arrangement  appeared  to  be  the 
enlargement  of  the  fan  to  a  size  admitting  of  direct  action  of  the  small 
steam  engine  by  which  it  was  driven,  the  engine  working  at  the  same 
speed  as  the  fan,  thus  dispensing  with  any  intermediate  gearing,  and 
reducing  the  whole  to  the  simplest  form  of  machine,  which  could  be  readily 
kept  in  good  working  order.  A  second  cylinder  might  easily  be  applied 
if  desired  at  the  other  end  of  the  same  shaft,  which  would  render  any 
stoppage  from  the  failure  of  the  working  parts  next  to  impossible. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Rogers  for  his 
paper,  which  was  passed. 
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DESCRIPTION    OF    THE    VENTILATING    FAN  AT  THE 
ABERCARN  COLLIERIES. 


The  mode  of  ventilation  that  is  still  generally  used  in  the  collieries  of 
this  country  is  the  old  furnace  ventilation,  where  the  required  current  of 
air  through  the  mine  is  maintained  by  the  rarefaction  of  the  column  of  air 
in  the  ascending  shaft,  by  means  of  a  large  fire  kept  constantly  burning  at 
the  bottom  of  the  shaft.  In  Belgium  and  France,  on  the  contrary,  this 
plan  is  almost  superseded  by  the  use  of  machinery  to  maintain  the  current 
of  air;  as  the  furnace  ventilation,  although  possessing  the  important 
advantages  of  great  simplicity  and  freedom  from  liability  to  derangement 
from  disturbing  causes,  has  some  serious  objections  and  deficiencies,  and  in 
some  cases  becomes  so  imperfect  a  provision  for  ventilation  as  to  render 
a  better  system  highly  desirable  and  even  necessary. 

The  author  of  the  present  paper,  having  occasion  to  ventilate  the  work- 
ings in  some  extensive  and  very  fiery  coal  seams  recently  won  at  Abercarn 
in  South  Wales,  under  circumstances  where  the  furnace  ventilation  could 
not  be  applied,  after  carefully  collecting  every  accessible  information  as  to 
the  ventilating  machines  used  in  Great  Britain  and  on  the  Continent,  came 
to  the  conclusion  that  a  plan  of  machine  proposed  for  the  purpose  some 
years  since  by  Mr.  James  Nasmyth  would  be  the  most  suitable  and  effective. 
After  consultation  with  Mr.  Nasmyth,  it  was  resolved  to  test  the  principle 
and  plan  by  actual  practice;  and  the  ventilating  fan  described  in  the  present 
paper  was  made  at  Patricroft  by  Mr.  Nasmyth,  and  is  erected  and  now 
working  at  the  Abercarn  Collieries. 

The  general  arrangements  of  the  top  of  the  shaft  and  the  ventilating 
fan  are  shown  in  Figs.  1  to  4,  Plates  88  and  89;  Figs.  1,  2,  and  3  are 
vertical  sections,  showing  the  air  valves  at  the  mouth  of  the  pit,  and  the 
passage  connecting  the  fan  with  the  pit ;  Fig.  4  is  a  sectional  plan  of  the 
pit  and  fan. 

Fig.  5,  Plate  90,  is  a  side  elevation  of  the  fan  and  engine,  to  a  larger 
scale ;  and  Fig.  6  a  vertical  section  of  the  fan. 

The  fan  AA,  Fig.  6,  is  13£  feet  diameter,  with'  8  vanes,  each  3  feet 
f>  inches  wide  and  3  feet  long.    It  is  fixed  on  a  horizontal  shaft  B,  8  feet 
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7  inches  in  length  from  centre  to  centre  of  the  bearings,  which  are  9  inches 
long  by  4i  inches  diameter.  The  vanes  are  of  thin  plate  iron,  and  carried 
by  forked  wrought  iron  arms  secured  to  a  centre  disc  C  fixed  upon  the 
shaft  B.  The  fan  works  within  a  casing  DD  consisting  of  two  fixed  sides 
of  thin  wrought  plate,  entirely  open  round  the  circumference  and  connected 
together  by  stay  rods ;  the  sides  are  3  inches  clear  from  the  edges  of  the 
vanes,  and  have  a  circular  opening  6  feet  diameter  in  the  centre  of  each, 
from  which  rectangular  wrought  iron  trunks  EE  are  carried  down  for  the 
entrance  of  the  air,  the  bearings  for  the  fan  shaft  B  being  fixed  in  the  outer 
sides  of  these  trunks,  which  are  strengthened  for  the  purpose  by  vertical 
cast  iron  standards  F  bolted  to  them  and  resting  upon  the  bottom 
foundation  stone  G. 

The  two  air  trunks  EE  join  together  below  the  fan,  as  shown  in  Fig.  1, 
and  communicate  with  the  pit  H  by  means  of  a  horizontal  tunnel  I,  which 
enters  the  pit  at  21  feet  depth  from  the  top. 

The  fan  is  driven  by  a  small  direct-acting  non-condensing  engine  K, 
which  is  fixed  upon  the  face  of  one  of  the  vertical  cast  iron  standards  F, 
and  is  connected  to  a  crank  on  the  end  of  the  fan  shaft  B.  The  steam 
cylinder  is  12  inches  diameter  and  12  inches  stroke,  and  is  worked  by 
steam  from  the  boilers  of  the  winding  engine  of  the  pit,  at  a  pressure  of 
about  13  lbs.  per  square  inch.  The  eccentric  L  for  the  slide  valve  is  placed 
just  inside  the  air  trunk  E,  and  works  the  valve  through  a  short  weigh 
shaft  M  with  a  lever  on  the  outside. 

The  pit  H,  Fig.  4,  is  of  an  oval  form,  10  feet  by  18  feet,  and  divided 
near  the  centre  by  a  timber  brattice  N,  the  one  side  forming  the  upcast 
shaft  and  the  other  the  downcast.  Both  of  these  are  used  for  winding, 
and  the  cages  0,  in  wluch  the  trucks,  &c.,  are  brought  up,  work  between 
guides  fixed  to  the  timbering  of  the  pit.  The  pumps  P  are  placed  in  the 
downcast  shaft. 

In  order  to  allow  of  the  upcast  shaft  being  used  for  winding,  the  top 
is  closed  by  an  air  valve  R,  which  is  formed  by  simply  boarding  up  the 
underside  of  the  ordinary  guard  upon  the  mouth  of  the  shaft,  leaving  only 
the  hole  in  the  centre  through  which  the  chain  works.  This  air  valve  R  is 
carried  up  by  the  cage  0  on  arriving  at  the  top  of  the  shaft,  as  in  Fig.  3, 
and  then  drops  down  again  flat  upon  the  opening  when  the  cage  is  again 
lowered,  as  in  Fig.  2.    During  the  time  that  the  valve  is  lifted,  its  place  is 
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occupied  by  the  close  bottom  of  the  cage  0,  which  nearly  fills  the  rectangu- 
lar opening  left  at  the  top  of  the  shaft.  By  this  simple  means  it  is  fouud 
practically  that  a  complete  provision  is  made  for  keeping  the  top  of  the 
upcast  shaft  closed,  and  maintaining  a  uniform  current  of  air  up  the 
shaft ;  for  the  leakage  of  air  downwards  through  the  top  whilst  the  cage 
is  in  the  act  of  opening  or  closing  the  air  valve,  and  through  the  small 
area  that  always  remains  open,  is  found  to  be  quite  immaterial,  and  the 
surplus  ventilating  power  of  the  fan  is  amply  sufficient  to  provide 
against  it. 

In  the  original  construction  a  more  perfect  air  valve  was  supposed  to 
be  requisite,  and  was  provided  by  the  inclined  flaps  SS,  which  are  fixed 
just  above  the  horizontal  tunnel  I.  These  are  fitted  closely  together, 
leaving  only  a  small  opening  in  the  centre  for  the  chain  to  pass  through,  and 
were  intended  to  be  opened  by  the  ascending  cage  coming  in  contact  with 
them,  closing  again  directly  by  means  of  balance  weights  before  the  air 
valve  R  at  the  top  of  the  shaft  was  opened,  so  as  to  preserve  a  thorough 
closing  of  the  top  of  the  shaft.  The  flaps  were  to  be  opened  again  by  a 
lever  from  the  top  to  allow  the  cage  to  descend.  However,  it  was  found 
on  trial  that  the  valve  R  at  the  top  was  amply  sufficient ;  and  consequently, 
although  the  other  valves  S  were  also  provided,  they  have  never  been  put 
into  use. 

The  total  depth  of  the  pit  is  nearly  300  yards,  and  at  a  depth  of 
120  yards  a  spbt  of  air  is  taken  off,  and  coursed  through  workings  from 
which  coal  and  fire  clay  are  got ;  the  larger  portion  of  the  air  descends  to 
the  bottom  of  the  pit,  and  is  there  split  into  many  courses,  to  work  two 
separate  seams  of  coal  and  a  vein  of  ironstone.  The  total  length  of  road 
laid  with  plates  or  rails  in  the  workings  is  about  7  miles,  and  the  working- 
faces  amount  to  nearly  double  that  distance.  The  longest  distance  that  is 
traversed  by  any  single  course  or  split  of  air  in  passing  from  the  downcast 
to  the  upcast  shaft  is  nearly  2  miles.  The  quantity  of  materials  raised  from 
the  pit  is  about  500  tons  daily. 

The  speed  at  which  the  ventilating  fan  is  usually  worked  is  about 
CO  revolutions  per  minute,  giving  a  velocity  at  the  circumference  of  the  fan 
of  2545  feet  per  minute;  45000  cubic  feet  of  air  per  minute  are  then 
drawn  through  the  mine,  nearly  one  third  of  which  ventilates  the  upper 
workings,  and  the  rest  passes  through  the  lower  workings. 
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Table  I  (appended)  gives  the  results  of  a  series  of  experiments  made 
with  this  ventilating  Can  under  the  direction  of  the  author  by  Mr.  R.  S. 
Roper,  showing  that  the  quantity  of  air  delivered  at  the  velocities  of 
60  and  80  revolutions  of  the  fan  per  minute  is  45000  and  56000  cubic  feet 
per  minute,  with  a  velocity  of  current  of  782  and  ]  037  lineal  feet  per  minute 
respectively,  or  about  9  and  12  miles  per  hour;  and  the  degree  of  vacuum 
or  exhaustion  in  the  upcast  shaft  is  -5  and  -9  inch  of  water  respectively. 

In  these  experiments  the  mode  adopted  for  ascertaining  the  velocity  of 
the  air  currents  was  by  calculation  from  the  difference  of  pressure,  as 
observed  by  means  of  a  carefully  constructed  vacuum  gauge,  the  result 
being  checked  by  the  anemometer  and  by  the  time  of  passage  of  the  smoke 
of  powder  fired  at  fixed  distances  by  means  of  wires  from  a  voltaic  battery 
at  the  top  of  the  shaft. 

The  working  velocity  of  the  fan  is  readily  and  instantly  regulated  by 
means  of  a  throttle  valve  in  the  steam  pipe  of  the  engine,  which  is  under 
the  control  of  the  man  in  charge  of  the  working  of  the  pit,  and  is  adjusted 
,  according  to  the  requirements  of  the  ventilation  arising  from  changes 
in  the  atmospheric  pressure  and  in  the  quantity  of  gas  iu  the  workings. 
It  has  been  found  that  a  velocity  of  about  50  to  60  revolutions  per  minute 
gives  the  best  amount  of  ventilation,  and  that  beyond  80  revolutions  the 
current  of  air  is  too  strong  to  allow  of  the  lamps  being  kept  alight  in  the 
workings. 

This  ventilating  fan  has  been  uow  in  constant  work  for  two  years,  night 
and  day,  without  once  stopping  for  repairs  of  any  kind,  and  is  in  as  good 
working  order  as  when  first  started  ;  there  appears  to  be  nothing  to  get 
out  of  order  about  the  machine  on  account  of  the  simplicity  of  its  construc- 
tion, aud  no  reason  .to  anticipate  any  failure.  The  eugine  is  made  very 
simple  in  construction,  with  large  and  durable  wearing  surfaces,  and  the 
steam  cylinder  is  fitted  with  a  solid  metal  piston  to  prevent  any  occasion  for 
stopping  to  adjust  the  packing.  The  whole  cost  of  the  steam  power  for 
working  the  fan  is  so  insignificant  that  a  little  leakage  of  steam  is  quite 
immaterial.  The  complete  arrangement  would  be  to  have  a  second  dupli- 
cate fan  fixed  complete,  and  ready  to  be  set  to  work  at  any  moment  if  the 
first  was  stopped,  or  to  work  in  conjunction  with  it  on  any  emergency 
requiring  greatly  increased  ventilation ;  though  from  the  experience  of  the 
present  fan  it  has  not  appeared  requisite  to  take  any  such  precaution. 
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lu  case  of  putting  up  another  fan  for  a  similar  purpose,  the  author 
would  adopt  one  of  still  larger  diameter,  probably  21  feet  diameter,  and 
running  at  a  slow  speed,  which  he  considers  would  be  preferable  and  still 
more  economical  in  power.  The  construction  of  the  casing  of  the  fan  he 
would  propose  to  make  of  a  simpler  and  less  expensive  description,  using 
only  thin  brick  walls  for  the  sides  and  the  air  trunks.  The  whole  expense 
would  then  be  very  inconsiderable,  even  for  a  complete  pair  of  the 
ventilating  fans. 

The  ventilating  fan  has  a  very  important  advantage  over  the  furnace 
ventilation,  in  the  power  it  affords  of  suddenly  increasing  the  current  of 
air  to  a  great  extent  in  any  emergency ;  whilst  with  the  furnace  any 
increase  is  very  slow  in  action  and  limited  in  extent,  and  cannot  be  effected 
from  the  surface  of  the  ground. 

Another  advantage  is  the  coolness  and  freshuess  of  the  upcast  shaft, 
which  can  be  used  for  the  passage  of  the  men  as  freely  as  the  downcast 
shaft,  being  free  from  the  heat  and  smoke  of  the  furnace  ventilation. 

There  is  also  no  risk  of  explosion  from  the  access  of  gas  to  the  furnace 
fire ;  and  in  the  first  opening  of  a  fiery  seam,  as  in  the  present  case  at 
Abercarn,  a  furnace  could  not  have  been  safely  bghted  until  after  a  long 
delay  for  drainage  of  the  gas,  owing  to  the  sudden  and  extensive  liberation 
of  gas,  and  even  then  it  would  have  been  attended  with  considerable 
difficulty  and  danger ;  but  with  the  help  of  the  fan  all  delay  and  danger  was 
avoided,  and  the  workings  commenced  immediately  on  reaching  the  seam. 

A  bratticed  shaft  was  the  only  plan  practicable  in  the  present  case,  on 
account  of  the  great  difficulty  of  sinking  deep  through  the  rock,  which  was 
of  remarkable  hardness ;  and  in  such  cases  the  furnace  ventilation  is  very 
objectionable  on  account  of  the  constant  leakage  caused  by  th»-  drying  of 
the  timber  of  the  brattice  from  the  effects  of  the  heat  of  the  fire,  and  the 
corroding  action  of  the  sulphurous  vapours  of  the  furnace  smoke. 

By  employing  the  suction  in  place  of  the  blowing  action,  and  having  a 
fan  of  large  diameter,  great  exhausting  power  is  obtained  without  requiring 
a  high  velocity  of  rotation ;  the  circumference  of  the  fan  case  being  left  open 
allows  the  air  to  be  expelled  all  round  with  perfect  freedom,  and  the  central 
diaphragm  plate  on  the  fan  spindle  prevents  the  opposite  currents  of  air 
entering  at  each  side  from  impeding  each  other.  The  simple  manner  of 
driving,  by  an  engine  aoting  direct  by  a  crank  on  the  fan  spindle,  saves  the 
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necessity  for  intermediate  gearing  ;  and  by  having  the  fan  on  the  surface  of 
the  ground  exposed  to  sight,  its  action  and  rate  can  be  seen  at  all  times  to 
be  effective,  whilst  it  is  safe  from  the  chance  of  any  damage  arising  from  an 
explosion,  were  one  to  occur. 

In  the  pit  at  Abercam  the  quantity  of  gas  is  so  serious  that  safety 
lamps  are  now  used  exclusively  throughout  the  workings,  and  not  a  single 
naked  light  is  allowed,  except  at  the  two  stations  near  the  shaft  where  the 
safety  lamps  are  lighted  and  locked  up.  Several  very  slight  explosions 
have  occurred,  but  not  any  at  all  serious  in  their  consequences,  except 
one,  which  may  be  mentioned  as  a  useful  example  of  the  great  practical 
value  of  a  means  of  suddenly  producing  a  greatly  increased  current  of 
ventilation,  in  preventing  loss  of  life  from  the  result  of  explosion.  In 
this  instance,  which  occurred  about  October,  1855,  one  of  the  men  took 
a  naked  candle  into  a  stall  in  which  fire  damp  had  accumulated  in  the 
lower  workings,  at  about  150  yards  distance  from  the  shaft.  An  explosion 
ensued,  which  was  heard  by  the  author,  who  was  at  the  top  of  tin-  shaft  at 
the  time ;  and  he  instantly  turned  the  steam  full  on  to  the  engine  of  the  fan, 
whicli  immediately  increased  the  speed  of  the  fan  to  nearly  double  its  rate, 
and  caused  such  a  sudden  increase  in  the  velocity  of  the  current  of  ventila- 
tion, that  the  after  damp  resulting  from  the  explosion  was  carried  past  the 
men  in  the  workings  so  quickly  that  they  escaped  all  serious  injury,  so 
momentary  was  their  exposure  to  its  effects.  But  if  the  ordinary  velocity 
of  current  only  had  been  maintained,  some  of  these  men  could  not  have 
escaped  with  their  lives.  The  man  who  caused  the  explosion  was  severely 
burnt,  but  recovered  from  the  injury. 

Almost  immediately  after  turning  on  the  steam  to  the  fan,  a  shower  of 
black  particles  was  thrown  out  of  the  fan,  which  would  be  the  result  of  the 
explosion,  being  the  fine  particles  of  carbon,  liberated  as  light  flaky  soot 
from  the  decomposition  of  the  carburetted  hydrogen  by  the  explosion.  This 
is  commonly  but  incorrectly  called  "  coal  dust,"  and  is  always  the  result  of  an 
explosion ;  and  in  the  author's  opinion  this  is  the  cause  of  the  fatal  effect 
of  the  after  damp,  from  the  accumulation  of  the  minute  solid  particles  upon 
the  lungs,  and  not  the  exposure  to  the  carbonic  acid  and  nitrogen  resulting 
from  the  combustion  of  the  gas  and  air.  This  opinion  is  coufirmed  by  the 
result  of  examination  of  the  lungs  of  men  killed  by  mine  explosions,  which 
are  found  to  be  loaded  with  these  black  solid  particles.   It  has  been  observed 
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frequently  that  men  can  live  for  some  time  in  the  after  damp  following  a 
mine  explosion,  if  they  take  the  precaution  to  cover  their  mouths  and 
nostrils  completely  with  a  handkerchief,  so  as  to  sift  the  air  they  breathe  and 
prevent  these  floating  particles  of  carbon  from  entering  the  lungs  ;  and  this 
precaution  is  enjoined  in  the  rules  of  several  mines,  to  prevent  breathing 
the  "  coal  dust"  as  it  is  termed.  The  author  has  known  a  case,  where  a  miner, 
named  John  Hall,  now  Uving  at  Abercam,  got  through  a  distance  of  half 
a  mile  rilled  with  the  after  damp  by  taking  this  precaution,  and  escaped 
with  safety  to  the  shaft. 

One  of  the  most  explosive  mixtures  of  gases  that  can  be  produced  in 
a  coal  mine  is  in  the  proportion  of  5  volumes  of  carburetted  hydrogen 
and  40  volumes  of  atmospheric  air.  When  this  mixture  is  exploded  the 
results  are  2  volumes  of  vapour  of  carbon,  3  volumes  of  carbonic  acid 
gas,  10  volumes  of  vapour  of  water,  and  32  volumes  of  nitrogen  gas.  After 
the  explosion  the  carbon  assumes  the  form  of  light  flaky  soot,  which  is  very 
finely  distributed  throughout  the  air.  Table  II.  illustrates  the  manner 
in  which  the  writer  believes  that  the  decomposition  and  combinations 
accompanying  the  explosion  take  place. 

A  similar  ventilating  fan  to  that  above  described  has  been  since,  erected 
by  Mr.  Nasmyth  at  Skiar  Spring  Colliery,  near  Blsecar,  which  is  working 
with  complete  success  ;  it  is  of  rather  larger  size  than  the  one  at  Abercarn, 
being  15  feet  diameter  and  4  feet  3  inches  wide  in  the  vanes,  and  is  worked 
at  80  revolutions  per  minute  by  the  steam  from  a  pumping  engine  boiler  at 
15  lbs.  per  square  inch.  The  result  is  a  thoroughly  efficient  ventilation 
of  the  workings,  completely  under  control  at  the  surface  of  the  ground, 
and  maintained  at  an  expenditure  of  fuel  extremely  small  as  compared  with 
that  required  for  the  ordinary  furnace  ventilation. 
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PREFACE. 


My  object  in  this  publication  is  to  vindicate  the  me- 
mory of  a  meritorious  man,  who,  like  many  greater 
inventors,  did  not,  during  his  lifetime,  get  the  credit 
he  deserved  for  what  he  had  done,  nor  derive  from 
his  labours  the  reward  he  might  fairly  have  expected. 
Those  who  have  known  of  Dr  Reid's  plans  for  the 
ventilation  of  large  buildings  only  by  hearing  them 
decried,  will  be  surprised  to  learn  that  they  have 
been  in  action  in  all  their  details  in  St  George's  Hall, 
Liverpool,  for  the  last  ten  years ;  that  they  were  at- 
tended with  perfect  success  in  the  temporary  House 
of  Commons  for  the  fifteen  years  during  which  that 
building  was  occupied ;  and  that,  in  their  essential 
features,  they  are  still  in  operation  in  the  Houses  of 
Parliament. 

It  has  been  thought,  also,  that  some  brief  account 
of  his  career  would  be  acceptable  to  a  wide  circle  of 
friends  and  old  pupils.  Of  this,  nothing  more  than  a 
sketch,  or  outline,  has  been  attempted. 

H.  R. 

Edinburgh,  Novemher  1863. 


MEMOIR, 


David  Boswell  Eeid  was  born  in  Edinburgh,  in  the  year 
1805,  and,  like  most  of  the  youth  of  the  place  in  those  days, 
received  the  principal  part  of  his  early  education  at 
the  High  School,  then  in  the  building  at  the  foot  of  Infir- 
mary Street  now  occupied  as  a  surgical  hospital.  At 
that  institution  he  picked  up  a  little  Latin  and  Greek  in 
the  class-room,  and  in  the  play-ground  a  little  experience 
of  the  rubs  of  life,  with  practical  lessons — sometimes  rather 
rough  ones — in  the  art  of  standing  his  ground  in  the  world 
— these  being  the  only  instruction  and  training  afforded  by 
the  High  School  of  Edinburgh  in  the  early  part  of  this 
century.  Professor  Pillans  mentions  him  as  "  among  tbe 
bead  boys  of  the  Eector's  class."  Subsequently,  under  the 
care  of  Mr  Walter  Nichol,  a  very  able  and  successful 
teacher,  whose  benches  were  crowded  with  pupils,  he  ap- 
plied himself  to  the  study  of  Mathematics,  and  greatly  dis- 
tinguished himself,  having,  in  Mr  Nichols  words,  "  placed 
himself  at  the  head  of  my  classes." 

His  attention  was  first  turned  to  chemistry  at  an  early 
age,  when  he  went  to  be  assistant  at  the  chemical  works  of 
Mr  Joseph  Astley,  at  Portobello.  Mr  Astley  was  a  manu- 
facturer of  Epsom  salts  and  sal-ammoniac,  a  well-informed 


scientific  chemist,  and  a  man  of  great  ingenuity,  who 
effected  improvements  in  almost  every  process  lie  under- 
took. There,  no  doubt,  Mr  Keid  first  became  practically 
conversant  with  fumes,  draughts,  and  furnaces,  which  were 
afterwards  to  occupy  so  large  a  share  of  his  attention.  It 
is  probable,  also,  that  chemical  science  came  a  good  deal 
under  his  notice  in  his  early  days,  in  consequence  of  his 
father's  intimacy  with  that  distinguished  chemist,  the  late 
Dr  John  Murray  of  Edinburgh. 

After  leaving  Mr  Astley's,  he  applied  himself  to  the  study 
of  medicine,  attending  the  medical  classes  at  the  university, 
and  entering  at  an  early  period  on  the  practical  duties  of 
the  profession  as  assistant  to  the  medical  officers  of  that 
very  valuable  institution,  the  Dispensary.  While  pursuing 
his  medical  studies,  he  joined  the  Eoyal  Medical  Society, 
a  long-established  and  highly  respectable  association  of 
medical  students,  for  the  purpose  of  improving  themselves 
by  writing  and  discussing  papers  on  medical  questions,  and 
providing  a  reading-room  and  library.  The  most  active, 
talented,  and  promising  of  the  medical  students  were  al- 
ways to  be  found  among  the  members  of  this  Society,  and 
four  of  the  most  popular  and  distinguished  were  elected 
yearly  to  be  presidents.  In  the  session  1826-7,  Mr  Eeid 
was  chosen  senior  or  first  president  of  the  Society,  succeed- 
ing in  that  office  to  J ames  Phillips  Kay,  now  better  known 
as  Sir  James  Kay  Shuttleworth,  who  has  done  so  much  for 
the  cause  of  education. 

The  following  extracts  are  from  a  communication  with 
which  the  writer  has  been  favoured  by  Dr  W.  A.  F. 
Browne,  one  of  the  Commissioners  in  Lunacy  for  Scotland, 
formerly  one  of  Mr  Keid's  colleagues  in  the  presidency  of 
the  Eoyal  Medical  Society ;  

"  My  recollections  of  your  brother,  Dr  D.  B.  Eeid,  are, 
even  after  a  lapse  of  thirty  years,  very  distinct  and  agree- 
able.   This  was  partly  the  result  of  his  prominence  in  the 
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University  community,  and  partly  because  we  were  brought 
much  and  closely  into  contact.  We  were  fellow  presidents 
of  the  Koyal  Medical  Society  in  1826-7.  At  that  time  the 
Society  was  exceedingly  prosperous,  and  contained  the 
most  distinguished  and  earnest  students ;  and  supplied 
means  of  training,  and  of  testing  knowledge,  in  which  the 
"University  was  deficient.  Your  brother  took  a  very  active 
part  in  its  proceedings,  and  was  a  popular,  and,  upon  his 
own  subject,  a  powerful  debater.  While  our  respect  to- 
wards him — and  every  one  cherished  such  respect — was 
in  some  measure  founded  upon  his  unapproachable  superi- 
ority in  the  much  dreaded  science  of  chemistry,  the  feeling 
was  deepened  by  his  great  energy  and  industry,  by  the 
abandon  of  all  minor  objects,  even  of  legitimate  pleasures, 
for  the  pursuit  of  science." 

"  I  came  occasionally  into  contact  with  your  brother,  in 
the  scene  of  his  early  triumphs  in  Eoxburgh  Place.  I  ex- 
amined his  experimental  premises,  became  familiar  with  his 
views,  and  was  impressed,  not  merely  with  the  soundness 
of  many  of  the  principles  upon  which  ventilation  of  large 
buildings  could  be  effected,  which  he  held,  but  felt  con- 
vinced that  my  early  friend  was  destined  to  become  dis- 
tinguished, and,  above  all,  a  practically  useful  man  of 
science." 

But  he  was  not  destined  to  pursue  the  medical  profession. 
The  rapid  growth  of  the  science  of  chemistry — perhaps  un- 
equalled in  the  history  of  science,  unless  by  geology — with 
its  numerous  and  daily  increasing  applications  to  the  arts 
and  manufactures,  rendered  it  very  desirable  that  some  easy 
means  should  be  afforded  of  acquiring  practical  skill  in  the 
art  of  experimenting.  Though,  no  doubt,  practical  lessons 
were  given  by  some  lecturers  to  such  pupils  as  desired 
them,  and  could  afford  to  pay  handsomely  for  them,  there 
were  no  systematic  practical  courses,  at  a  moderate  rate, 
adapted  to  the  many.     Thus,  hundreds,  who  would  them- 
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selves  have  greatly  benefited,  as  well  as  have  conferred 
benefits  on  society  by  their  researches,  were  deterred  from 
the  pursuit  of  chemistry  experimentally,  by  the  expense  and 
difficulty  of  the  first  step,  and  the  field  of  labourers  in  this 
new  science,  which  had  such  intimate  relations  with  almost 
every  art  and  manufacture,  and  many  branches  of  physical 
science,  was  greatly  restricted.  Towards  the  close  of  his 
medical  studies,  Mr  Keid's  attention  was  directed  to  this 
great  want,  and  he  conceived  the  idea  of  establishing  sys- 
tematic courses  of  practical  lessons  in  chemistry,  in  which 
the  pupils  themselves  should  perform  the  experiments, 
going  through  all  the  steps  of  a  process  with  their  own 
hands,  and  thus  at  once  having  the  facts  and  phenomena 
impressed  on  their  minds,  and  acquiring  a  practical  know- 
ledge of  chemical  materials,  and  skill  in  chemical  manipu- 
lation. The  project,  commenced  under  considerable  diffi- 
culties, was  attended  with  great  success  ;  at  first  in  a  small 
and  inconvenient  room  in  the  High  School  Yards,  then  in  a 
room  in  the  University,  when  Mr  Eeid  became  assistant  to 
the  Professor  of  Chemistry,  and  afterwards  in  a  class-room 
of  his  own,  behind  the  present  Hall  of  the  College  of  Sur- 
geons. He  continued  these  practical  classes  for  upwards 
of  thirteen  years,  till  he  removed  to  London  in  1840.  They 
became  extremely  useful  and  popular,  and  were  attended  by 
hundreds  of  all  ages  and  classes, — medical  students,  miners, 
manufacturers,  engineers,  agriculturists,  amateurs.  Side  by 
side  with  the  youth  just  entering  his  studies,  might  be  seen 
the  veteran,  who  perhaps  had  served  his  sovereign  in  the 
four  quarters  of  the  globe,  or  an  elderly  amateur  of  a  philo- 
sophical turn,  glad  to  avail  himself  now  of  what,  perhaps, 
he  had  longed  for,  but  could  not  obtain,  in  his  youth, — all 
delighted  to  be  putting  their  own  hands  to  work  with  the 
retort  or  the  crucible,  to  see  the  metamorphoses  brought 
about  by  their  own  efforts,  to  acquire  practical  skill  in 
chemical  operations,  and  to  have  the  theory  fixed  in  their 
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minds  along  with  the  practice,  by  the  clear  demonstrations 
given  from  time  to  time  by  Mr  Eeid.  Eeferring  to  these 
classes,  the  late  Dr  George  Wilson  remarks,  in  his  Life  of 
Edward  Forbes  : — "  Shortly  before  Edward  Forbes  began 
his  medical  studies,  Dr  David  B.  Eeid,  beyond  the  Univer- 
sity walls,  had  commenced  a  system  of  instruction  in  prac- 
tical chemistry,  which,  for  the  time,  was  a  great  advance. 
It  aimed  more  at  enabling  each  student  to  familiarize  him- 
self by  experiments  made  under  the  directions  of  a  teacher, 
with  the  properties  of  the  chief  chemical  substances,  and 
the  phenomena  attending  their  action  on  each  other,  than 
at  making  him  a  practical  chemist  in  the  sense  of  an 
analyst ;  but  it  did  something  for  him  also  in  this  respect. 
The  introducer  of  this  system  was  a  man  of  great  energy, 
and  by  satisfying,  to  some  degree,  a  strongly  felt  want  of 
the  time,  laid  the  foundation  of  our  educational  system  of 
practical  chemistry."  These  practical  classes  were  not 
meant  to  supersede  the  more  minute  analytical  course,  in 
which  each  pupil  carried  on  a  more  careful  and  independent 
series  of  experiments  adapted  to  his  special  object.  But 
the  practical  class,  organised  to  carry  on  numbers  together, 
on  moderate  terms,  initiated  all  in  the  rudiments  of  mani- 
pulation and  leading  facts  of  chemical  science,  and  formed 
able  practical  chemists  of  many  who  required  only  the  first 
start  in  experimenting  to  be  able  to  go  on  for  themselves. 

Not  long  after  starting  his  practical  courses  in  the  High 
School  Yards,  Mr  Eeid  became  assistant  to  Dr  Hope,  Pro- 
fessor of  Chemistry  in  the  University,  by  which  he  had  the 
advantage  of  a  room  in  the  College  in  which  to  carry  on 
his  classes,  and  of  an  introduction  to  the  very  large  class 
which  then  attended  the  course  of  that  able  lecturer.  In 
the  year  1829  the  Eoyal  College  of  Surgeons  of  Edinburgh 
introduced  practical  chemistry  into  the  curriculum  for  their 
diploma,  a  step,  there  is  reason  to  believe,  greatly  promoted 
by  the  marked  success  of  Mr  Eeid's  practical  classes.  This, 
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however,  placed  Mr  Eeid  in  a  dilemma.     To  qualify  a 
student  for  obtaining  the  diploma,  it  was  not  enough  that 
he  had  the  requisite  knowledge  and  practical  skill ;  these 
must  have  been  acquired  at  the  class  of  some  privileged 
teacher — Professor  of  an  University,  or  Fellow  of  the  Col- 
lege of  Physicians  or  of  Surgeons.    Mr  Eeid  was,  so  to 
speak,  an  unprivileged  teacher.    The  College  of  Surgeons, 
however,  with  great  liberality,  considering,  as  stated  in 
their  Keport,  "  the  very  peculiar  circumstances  in  which  Mr 
Eeid,  who  has  been  for  sometime  past  a  most  industrious 
and  successful  teacher  of  practical  chemistry,  would  be 
placed  in  consequence  of  the  late  regulations  of  the  Eoyal 
College,  were  his  courses  not  held  to  qualify  his  students 
for  examination,"  paid  him  the  high  compliment  of  ex- 
tending to  him  a  special  license,  by  which  his  ticket 
should  qualify  for  their  examination  for  two  years,  thus 
allowing  him  time  to  qualify  as  a  lecturer  in  the  usual 
way.    This  he  did  by  taking  the  degree  of  M.D.,  and 
entering  the  Eoyal  College  of  Physicians  of  Edinburgh, 
one  of  the  learned  corporations  which  have  the  privilege  of 
dispensing  such  knowledge  as  medical  students  require. 

In  1833,  urged  on  by  some  sanguine  friends  and  admir- 
ers, Dr  Eeid  was  induced  to  lay  before  the  patrons  of  the 
University  (the  Town-Council  of  Edinburgh)  a  proposal  to 
institute  in  the  University  an  independent  Professorship  of 
Practical  Chemistry.  Many  plausible  reasons  were  advanced 
in  favour  of  this  scheme,  but  it  was  strenuously  opposed  by 
Dr  Hope,  and  the  Senatus  Academicus  reported  against  it. 
The  class  was  looked  upon  as  naturally  connected  with  the 
old  established  chair  of  Chemistry,  though  the  Professor  had 
hitherto  only  delivered  lectures,  never  having  taken  any 
part  in  the  practical  courses.  It  was  considered  that, 
though  Dr  Hope,  at  his  advanced  period  of  life,  could  not 
be  expected  to  undertake  it,  one  Professor  might  fulfil  the 
duties  of  both  classes,  and  that  it  was  not  desirable  to 
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diminish  (for  his  successors)  the  value  of  the  Chemical 
Chair,  by  creating  a  new  one.    The  question  was  remitted 
to  the  College  Committee  of  the  Council,  who  reported, 
"  although  only  by  the  casting  vote  of  the  Chairman,  that, 
"  under  all  the  circumstances,  it  is  not  expedient  to  do 
"  so,  at  least  at  present."    When  the  Council  came  to  a  vote 
on  the  subject,  it  appeared  that  they  also  were  equally 
divided,  fourteen  being  in  favour  of  the  proposal,  and  the 
same  number  against  it.     The  matter  was  decided  by 
the  Lord  Provost  (Mr  Learmonth)  giving  his  casting  vote 
against  the  creation  of  a  separate  Chair  of  Practical  Chemis- 
try.   Considering  the  great  local  influence  of  Dr  Hope  and 
his  friends,  as  well  as  of  the  Senatus  Academicus,  and  the 
questionable  expediency  of  the  project,  the  vote  of  the 
Council  must  be  taken  as  a  strong  mark  of  the  popularity 
of  Dr  Eeid  and  of  the  esteem  in  which  he  was  held  by  his 
fellow-citizens.    Some,  doubtless,  would  point  to  it  also  as 
a  proof  of  the  unfitness  of  the  Council  for  a  charge,  of 
which  Parliament  has  now  relieved  them.    It  was  perhaps 
fortunate  for  Dr  Eeid  that  the  proposal  was  not  acceded  to. 
Had  the  chair  been  created,  he  would,  there  is  little  doubt, 
have  been  appointed  Professor.    It  is  by  no  means  clear 
that  Practical  Chemistry,  alone,  would  have  been  suffici- 
ently remunerative  ;  and  it  is  highly  probable  that  Dr  Hope 
would  have  carried  the  question  into  the  courts  of  law,  and 
tested  there  the  claim  of  the  Council  thus  to  encroach  upon 
what  he  regarded  as  his  rights. 

Dr  Keid  left  the  College  in  1833,  and  established  himself 
as  a  private  lecturer  on  chemistry,  in  a  class-room  which  he 
built  behind  the  present  Surgeons'  Hall.  His  lectures  and 
practical  classes  were  crowded,  and  he  was  regarded  as  one 
of  the  ablest,  as  he  was  one  of  the  most  popular  and 
successful  lecturers  in  Edinburgh.  His  lectures  were 
remarkable  for  their  style  of  "lucid  exposition,"  as  Dr 
Chalmers  expressed  it,  and  for  the  brilliancy  and  invariable 
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success  of  bis  experimental  illustrations.  He  was  seldom 
if  ever  placed  in  the  awkward  position  of  failing  in  an 
experiment — of  telling  his  class  that  such  a  change  would 
take  place,  while  the  inert  materials  defied  him,  and  refused 
to  exhibit  the  predicted  phenomenon.  He  owed  this  success 
to  his  thorough  knowledge  of  all  that  could  affect  the  opera- 
tion, and  the  extreme  care  he  ever  took  in  making  the  neces- 
saryprevious  preparations — qualities  that,  with  his  undoubted 
inventive  faculty  and  fertility  of  resources,  would  most 
probably  have  led  him  to  distinction  as  a  chemist,  had  he 
not  been  drawn  aside  to  other  pursuits.  At  the  close  of 
one  of  his  popular  courses,  which  was  attended  by  Sir  John 
Leslie,  Eev.  Dr  Chalmers,  General  Sir  Joseph  Stratton, 
Professors  G.  J.  Bell  and  Pillans,  Eev.  E.  B.  Bamsay,  Kev. 
J.  Williams,  George  Combe,  Esq.,  and  many  others  of  the 
principal  citizens,  his  class,  highly  pleased  with  the 
course,  and  sensible  that  he  had  spared  neither  trouble  nor 
expense — in  fact,  made  very  great  exertions — to  render  it 
attractive  and  interesting,  presented  to  him  a  piece  of  plate 
in  token  of  their  approbation  and  gratification.  He  was 
ever  ready  to  aid  in  any  movement  for  the  public  good.  He 
originated  and  took  an  active  part  in  promoting  and  con- 
ducting an  exbibition  of  Arts  and  Manufactures,  in  1840. 
His  departure  from  his  native  city  to  settle  in  London  was 
much  regretted  by  his  townsmen,  who  presented  to  him  a 
handsome  piece  of  plate  as  a  token  of  their  esteem,  and 
gave  him  a  farewell  entertainment,  at  which  Sir  J.  Graham 
Dalyell  presided. 

In  1835,  when  a  new  building  for  the  Houses  of  Parlia- 
ment was  in  contemplation,  a  Committee  of  the  House  of 
Commons  was  appointed  to  consider  the  subjects  of  warm- 
ing, ventilating,  and  acoustics,  with  reference  to  the  new 
building.  Tbe  uncomfortable  and  positively  injurious  state 
of  the  air  in  the  halls  of  the  Legislature  had  long  been 
complained  of,  and  was  found  still  more  oppressive  in  recent 
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times  in  consequence  of  the  long  sittings  which  had  become 
so  frequent,  the  impure  state  of  the  river,  factories,  and  a 
crowded  population  in  the  vicinity.  In  the  old  buildings, 
burned  down  in  1834,  the  Members,  besides  suffering  from 
the  bad  state  of  the  air,  had  been  much  incommoded  by  the 
difficulty  of  hearing  well  in  many  parts  of  the  house.  With 
respect  to  the  air,  one  Member  said,  "  Many  of  our  eminent 
public  men  are  exposed  for  many  hours  to  a  deleterious 
atmosphere  in  the  House  of  Commons,"  and  Lord  Sudeley 
(formerly  Mr  Han  bury  Tracey),  who  had  been  chairman  of 
the  Commissioners  for  selecting  the  design  for  the  new 
Houses  of  Parliament,  wrote  in  1843,  referring  to  the  old 
House,  "  The  pestilential  atmosphere  of  the  House  of  Com- 
mons was  notorious ;  its  baneful  effects  on  the  health  and 
energies  of  its  Members  were  painfully  felt  and  admitted  : 
means  from  time  to  time  were  resorted  to,  to  correct  the 
evil,  till  scarcely  a  hope,  if  any,  remained  even  that  it  could 
be  lessened,  and  the  most  sanguine  never  dreamt  that  it 
could  be  cured  ;" — and,  again,  "  Much  money  had  been 
fruitlessly  expended,  and  the  skill  and  science  of  the  most 
learned  chemists  had  been  enlisted  without  any  beneficial 
results." — No  sooner  had  something  been  learned  of  the 
laws  of  pneumatics,  towards  the  close  of  the  seventeenth 
century,  than  the  oppressed  legislators,  thinking  that  the 
philosophers  knew,  or  ought  to  know,  something  of  the 
matter,  applied  to  them  for  relief.  In  the  year  1700,  Sir 
Christopher  Wren,  an  architect,  as  well  as  a  philosopher, 
was  consulted,  but  was  unable  to  effect  any  material 
improvement.  A  little  later,  Desaguliers,  the  eminent 
natural  philosopher  and  engineer,  was  applied  to,  but  with 
no  better  result.  The  subject  was  particularly  considered 
by  a  Committee  in  1791,  and  some  alterations  were  made, 
but  with  little  benefit.  In  1810,  Sir  Humphry  Davy  was 
equally  unsuccessful  in  endeavouring  to  improve  the  state 
.of  the  air  in  the  House  of  Commons.    The  problem  was 
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evidently  a  troublesome  one,  from  the  peculiar  circumstances 
attending  the  sittings  of  the  House — some  Members  remain- 
ing in  it  often  from  six  to  eight  hours  or  more,  while  the 
attendance  was  most  unequal  and  changeable,  varying  from 
fifty  to  upwards  of  eight  hundred  in  the  course  of  one 
sitting. 

In  the  construction  of  his  class-room,  Dr  Eeid  had  paid 
special  attention  to  ventilation,  and  introduced  very  efficient 
arrangements  for  carrying  off  the  fumes  and  noxious  gases 
evolved  during  the  numerous  experiments  performed  daily 
in  bis  lectures  and  practical  classes.  In  its  form,  the  room 
was  admirably  adapted  for  hearing.  These  circumstances 
having  become  known,  Dr  Eeid  was  summoned  to  give  his 
evidence  before  the  Parliamentary  Committee  on  acoustics 
and  ventilation.  The  Committee  included  many  leading 
Members  of  the  House,  as  Mr  B.  Hawes  (chairman),  Mr 
Hanbury  Tracey  (Lord  Sudeley),  Lord  Howick  (now  Earl 
Grey),  Lord  Granville  Somerset,  Lord  Sandon  (now  Earl  of 
Harrowby),  Sir  George  Clerk  and  Mr  Warburton.  The 
witnesses  examined  were,  Dr  Birbeck,  Dr  Faraday,  Mr 
Brande,  Mr  Sylvester,  Sir  Bobert  Smirke,  and  Dr  Eeid.  On 
reading  the  evidence  laid  before  this  committee,  including 
the  questions  put  by  the  members,  it  is  impossible  to  avoid 
being  struck  by  three  things,— first,  tbe  strong  sense  en- 
tertained by  the  Members  of  the  very  defective  state  of 
the  House  of  Commons  as  to  both  ventilation  and  hear- 
ing ;  next,  the  intelligence  and  acuteness  of  the  Members  of 
the  Committee,  as  evinced  by  their  questions  and  remarks  ; 
third,  the  clear,  decided  and  satisfactory  nature  of  the 
views  developed  by  Dr  Eeid.  The  Committee  saw  at  once 
that  he  spoke  as  a  man  thoroughly  conversant  with  the 
subject,  fully  alive  to  their  wants  and  the  evils  from  which 
they  suffered,  and  provided  with  an  efficient  and  adequate 
remedy.  When  Dr  Eeid  proposed  to  apply  a  power  to  draw 
or  force  air  through  the  House,  a  power  which  should  place 
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the  state  of  the  air  under  perfect  control,  capable  of  regu- 
lation according  to  circumstances — and  to  admit  the  air  by- 
numerous  apertures  in  the  floor,  so  that  while  a  draught 
should  be  ensured  every  where,  it  should  not  be  felt  any 
where — they  saw  that  he  had  taken  the  bull  by  the  horns, 
and,  approving  also  of  his  plans  for  improving  the  state  of 
the  hearing  in  the  house,  the  Committee  resolved  on  a 
report,  in  which  they  specially  directed  attention  to  his 
evidence,  and  recommended  that  his  plans  should  have  a 
trial  in  the  temporary  House  of  Commons.  The  alterations 
he  had  proposed  were  made  during  the  autumn  of  1836,  and 
were  attended  with  complete  success — a  success  which  con- 
tinued during  the  fifteen  years  which  elapsed  before  the 
new  Houses  were  occupied,  and  was  testified  to  again  and 
again,  cheerfully  and  gratefully,  by  both  leading  Members 
individually,  and  Committees  of  the  House.  This  is  a  well 
established  point ;  but,  considering  what  has  passed,  it  is 
desirable  to  produce  some  of  the  evidence  on  which  it  rests. 

There  could  be  no  higher  authority  on  the  subject  than 
Lord  Sudeley,  the  chairman  of  the  Commissioners  for  select- 
ing the  design  for  the  new  Houses,  who  was  intimately 
conversant  with  the  whole  progress  of  the  question  as  to 
the  ventilation  of  the  Houses.  In  a  letter  to  Dr  Eeid,  in 
1843,  he  states  that  the  ventilation  had  been  brought 
"  to  such  a  degree  of  perfection  as  to  defy  the  chills  of 
winter  and  the  heat  of  summer,  or  the  effects  of  numbers, 
however  great,  congregated  within  its  walls,  lessening  its 
beneficial  effects.  To  your  skill,  zeal,  and  determination  it 
is  owing  that  the  Members  of  the  House  of  Commons  can 
now  pursue  their  senatorial  duties  without  sacrifice  of  either 
health  or  comfort — to  you  we  owe  the  solution  of  the  pro- 
blem, that,  by  a  proper  system,  ventilation  may  be  obtained 
in  the  most  trying  and  difficult  situations."  And  again,  in 
his  place  in  the  House  of  Lords,  in  1846,  Lord  Sudeley 
"asserted  that  the  ventilation  of  the  House  of  Commons 
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was  most  complete  and  perfect,  and  was  the  first  plan  of 
systematic  ventilation  ever  carried  out  in  this  or  any 
other  country."  Mr  Hawes,  chairman  of  the  original  Com- 
mittee on  Ventilation,  says,  in  a  letter  to  Dr  Eeid,  "  You 
have  facilitated  public  business  and  prolonged  the  lives  of 
public  men."  A  Committee  of  the  House  of  Commons,  in 
1846,  after  Dr  Eeid's  plan  had  been  ten  years  in  operation, 
reported — "  The  great  improvement  which  Dr  Eeid  has 
effected  in  the  atmosphere  of  the  existing  House  of  Com- 
mons can  be  appreciated  by  every  Member  of  the  House, 
and  your  Committee  entirely  concur  in  what  they  consider 
to  be  the  general  opinion  in  its  favour  ;"  and  in  the  same 
session  another  Committee,  of  which  Sir  Eobert  H.  Inglis 
was  chairman,  adverting  to  the  difficulties  between  Mr 
Barry  and  Dr  Eeid,  distinctly  recommended  a  plan  of 
adjustment  with  the  view  of  carrying  out  Dr  Eeid's  plans  in 
the  new  Houses.  The  strongest  testimonies  might  also  be 
produced  from  the  Speaker  (Mr  Lefevre),  Lord  Campbell 
Lord  Monteagle,  Earl  Grey,  &c.  Mr  Horace  Mann,  the 
distinguished  American  educationist,  in  his  "  Eeport  of 
an  Educational  Tour,"  states,  "  The  only  public  edifice  I  saw 
in  Europe  which  enjoys  a  perfect  luxury  of  ventilation  was 
the  British  House  of  Parliament.  The  plan  is  scientific 
and  the  apparatus  for  executing  it  complete  ;"  and  abundance 
of  other  testimonies  from  foreigners  might  be  adduced. 

One  difficulty  wdiich  Dr  Eeid  experienced  at  the  com- 
mencement of  the  working  of  his  plans  in  the  House  arose 
from  the  different  tastes  and  requirements  of  the  members 
as  to  air  and  warmth.  One  desired  a  low  temperature, 
another  a  high  one ;  some  members  preferred  the  air  moist, 
while  others  required  a  dry  atmosphere ;  some  were  in- 
different as  to  impurities,  to  which  others  were  very  sensi- 
tive. These  varieties  of  feeling  were  caused  partly  by 
inherent  constitutional  differences  ;  partly  by  differences  as. 
to  condition  at  the  time,  such  as  might  arise  from  more  or 
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less  clothing,  from  being  heated  by  exercise,  or  the  reverse, 
and  very  much  depended  on  the  state  of  that  great  regula- 
tor, the  stomach.    Perhaps  one  member 

.    .    .    was  not  taken  well, 
He  had  not  dined ; 

another  had  not  only  dined,  but  dined  well,  and  had  a  gene- 
rous allowance  of  wine.  Dr  Eeid  states  in  his  "  Illustra- 
tions of  Ventilation,"  that  when  the  House  first  met  after 
the  new  ventilating  arrangements  were  in  action,  one 
member  said  to  him,  "  The  temperature  is  rising  ;  we  shall 
be  suffocated  immediately  while  another  declared  he  was 
shivering  from  cold.  Some,  he  states,  demanded  a  tem- 
perature of  52°,  while  others  were  hardly  satisfied  with  a 
lower  temperature  than  70°.  These  opposing  feelings  were 
humorously  described  by  "  Punch"  in  a  clever  parody  of 
Allan  Cunningham's  spirited  song,  "  A  wet  sheet  and  a 
flowing  sea,"  beginning,  "  With  wet  feet  on  a  Committee," 
and  in  which  occurred  the  lines,  after  describing  the 
opposite  demands  made, — 

"  .    .    .    So  Dr  Keid  made  free 
To  give  it  to  us  half-and-half, 
And  wretched  men  were  we." 

This  difficulty,  however,  did  not  long  continue  to  give 
trouble.  It  was  soon  seen  that  every  one  could  not  get 
the  atmosphere  peculiarly  suited  to  him,  and  that  some 
average,  to  be  varied  a  little  according  to  circumstances, 
must  be  agreed  on  ;  and  the  beauty  of  the  system  was  that 
any  state  of  the  air  which  might  be  desired  was  at  command. 
But  Dr  Keid  did  not  exactly  "  make  free"  to  give  what  he 
pleased.  He  was  in  constant  communication  with  the 
Speaker  and  the  Sergeant-at-arms,  and,  by  consultation 
with  them  and  the  members,  was  enabled  to  provide  an 
atmosphere  suited  to  the  wants  of  the  great  majority.  In 
the  work  quoted  above,  Dr  Reid  says, — "  The  House  is 
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heated  to  62°  before  it  is  opened,  and  maintained  in  general 
at  a  temperature  between  63°  and  70°,  according  to  the 
velocity  with  which  the  air  is  permitted  to  pass  through 
the  House.  This  velocity  is  necessarily  regulated  by  the 
numbers  present  on  a  given  space,  the  temperature  to  which 
the  air  can  be  reduced  in  warm  weather,  and  the  amount  of 
moisture  which  it  may  contain  when  the  quantity  is  exces- 
sive. Some  members  are  much  more  affected  by  an  excess 
or  deficiency  of  moisture  than  by  alterations  of  temperature." 
"  In  extremely  warm  weather,  by  increasing  the  velocity, 
air  even  at  75°  may  be  rendered  cool  and  pleasant  to  the 
feelings." 

"  The  temperature  may  always  be  advantageously  in- 
creased, and  the  velocity  diminished,  before  the  usual  dinner 
hour.  After  dinner,  other  circumstances  being  the  same, 
the  temperature  should  be  diminished,  the  velocity  increased, 
and  the  amount  of  moisture  in  the  air  reduced,  when  prac- 
ticable. During  late  debates,  as  they  advance  to  two,  three, 
four,  or  five  in  the  morning,  the  temperature  should  be 
gradually  increased  as  the  constitution  becomes  more  ex- 
hausted, except  in  cases  where  the  excitement  is  extreme." 

"  Those  who  have  been  recently  riding,  dining,  or  en- 
gaging in  any  exercise,  and  whose  circulation  is  accelerated, 
feel  a  medium  atmosphere  too  warm.  On  the  other  hand, 
after  a  cold  drive  in  a  carriage,  the  temperature  cannot  be 
raised  too  high  till  the  constitution  shall  have  been  warmed, 
as  it  were,  to  an  average  standard.  In  an  extreme  case, 
during  the  severe  winter  of  1840-41,  several  members 
having  entered  the  House  of  Peers  after  being  very  much 
chilled,  incessant  demands  were  made  for  more  and  more 
warmth,  and  the  temperature  was  at  last  brought  to  74°. 
But  even  this  was  insufficient ;  and  I  accordingly  suspended 
the  ventilation  entirely,  and  kept  the  air  as  quiescent  as 
possible,  till  the  effects  of  the  excessive  external  cold  had 
passed  away." 
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Such  were  the  varied  considerations  which  had  to  be  taken 
into  account  in  regulating  the  ventilation,  and  by  studying 
which,  the  temporary  House,  occupied  for  fifteen  years, 
became  a  "  luxury  of  ventilation,"  as  Horace  Mann  ex- 
presses it ;  a  luxury,  however,  or  rather  necessary,  which 
members  who  spent  from  six  to  ten  hours  in  the  House 
daily  for  six  months  required,  and  to  which  they  were  well 
entitled. 

At  first,  the  cost  of  the  new  ventilating  arrangements 
was  complained  of  by  some.    Perhaps  this  might  have  been 
expected.    People  had  hitherto  been  accustomed  only  to 
the  chance  action  of  what  has  been  called  "  natural  ventila- 
tion    and  not  appreciating  sufficiently  the  importance  of 
pure  air,  nor  the  very  special  circumstances  in  which  the 
Houses  of  the  Legislature  were  placed,  doubted  the  necessity 
of  a  system,  certainly  costly  when  contrasted  with  that 
which  formerly  prevailed.    Ketrenchment  was  the  order  of 
the  day ;  and  it  was  not  unnatural  to  wonder  at  the  amount 
now  to  be  laid  out  on  what  had  previously  cost  nothing. 
But  no  members  who  had  had  experience  of  the  wretched 
state  of  the  old  Houses  as  to  ventilation  grudged  the  cost  of 
an  efficient  plan  for  removing  the  evils  under  which  they 
had  suffered.    The  unreasonableness  of  expecting  a  good 
system  of  ventilation  on  the  same  easy  terms  as  the  previous 
methods,  which  had  been  so  total  a  failure,  soon  passed 
away  ;  while  it  came  also  to  be  seen  that,  for  certain  public 
buildings,  thorough  ventilation  was  an  absolute  necessity. 
As  knowledge  and  civilisation  advance,  new  wants  are  felt, 
such,  for  example,  as  the  improvement  and  extension  of 
education  ;  but  they  cannot  be  supplied  for  nothing. 

From  the  expense  of  the  ventilation  of  the  Houses  of 
Parliament  and  St  George's  Hall,  injustice  was  sometimes 
done  to  Dr  Keid  from  the  hasty  inference  that  he  could  do 
nothing  in  ventilation  without  complex  and  costly  methods 
such  as  had  been  there  introduced.    But  he  was  daily  im- 
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proving  the  ventilation  of  numbers  of  buildings  where  much 
simpler  plans  sufficed,  or  where,  though  he  might  advise 
the  most  efficient  system,  the  proprietors  were  content  with 
cheaper  modes. 

The  success  of  the  new  ventilating  arrangements,  intro- 
duced by  Dr  Keid  in  the  House  of  Commons  having  been 
so  marked,  and  the  benefit  to  the  members  so  strongly  felt 
and  appreciated,  especially  by  the  older  members  who  had 
suffered  so  much  under  the  former  system  (or  rather  no- 
system),  the  Government  desired  that  his  plans  should  be 
introduced  in  the  new  Houses.  Accordingly,  in  1840,  an 
arrangement  was  come  to  by  which  Dr  Eeid  was  to  settle 
in  London  and  devote  part  of  his  time  to  superintending 
the  ventilation  in  the  temporary  House,  and  making  arrange- 
ments for  the  ventilation  of  the  new  building.  Some  of  his 
friends  doubted  whether,  on  this  occasion,  he  exhibited 
sufficiently  the  faculty  generally  attributed  to  his  country- 
men, of  making  a  good  bargain  for  themselves,  and  did  not 
wish  him  to  leave  Edinburgh,  where  he  was  much  esteemed, 
and  occupied  the  highest  professional  position  with  the 
fairest  prospects  for  the  future.  But  Dr  Reid  had  publicly 
staked  his  reputation  upon  his  ventilation  schemes,  and 
naturally  seized  the  opportunity  offered  him  of  carrying 
them  into  operation  in  the  foremost  edifice  in  the  kingdom, 
while  he  looked,  and  reasonably,  to  an  extensive  business 
in  private  consultations ;  a  prospect  fully  realised  till  the 
press  commenced  to  run  him  down. 

But  there  was  one  unfortunate  feature  in  the  new 
arrangement,  which  led  to  innumerable  difficulties,  in  both 
the  ordinary  and  American  sense  of  that  word,  and  ulti- 
mately to  the  loss  of  his  services  at  the  Houses  of  Parlia- 
ment. Dr  Keid  had  not  uncontrolled  power  to  carry  out 
whatever  he  judged  necessary  for  his  purpose,  as  he  had 
with  the  temporary  House.  He  was  to  consult  with  the 
architect,  Mr  Barry,  and  any  differences  between  them  were 
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to  be  referred  to  the  Board  of  Works.  The  distinguished 
architect,  whose  genius,  fine  taste,  and  antiquarian  lore, 
have  created  so  noble  an  edifice,  so  truly  classic,  in  a 
British  application  of  that  term,  must  have  felt  himself  in 
a  new  and  strange  position.  He  was  not,  as  in  other  cases, 
master  of  his  own  work.  Another  party  had  a  right  to 
say,  There  must  be  an  inlet  for  air  here  of  such  a  size,  there 
an  outlet,  here  a  passage,  and  so  on.  He  had  been  accus- 
tomed to  be  lord  of  all  he  surveyed,  but  was  now  to  be 
hampered  by  one  whom  he  probably  viewed  as  an  intruder 
into  his  proper  domain.  This  could  not  be  pleasant,  but  it 
was  unavoidable  ;  it  was  the  penalty  which  architects  had 
to  pay  for  having  ignored  ventilation.  As  Dr  Birbeck  said 
in  his  evidence, — "  Heat  and  ventilation,  especially  the 
latter,  seldom  enter  into  the  mind  of  the  builder  when  he 
projects  his  building, — he  begins  as  if  he  did  not  know  that 
ventilation  could  be  necessary."  There  can  be  no  doubt 
that  the  architect  and  ventilator  should  be  one  and  the 
same  person  ;  but  the  Members  of  the  House  of  Commons 
had  suffered  too  much  from  bad  ventilation  ;  it  was  matter 
of  notoriety  that  architects  at  that  time  knew  little  or 
nothing  about  it ;  and  therefore  another  party,  who  had 
proved  his  knowledge  and  skill  in  the  matter,  had  to  be 
conjoined  with  the  architect  in  the  transition  state  of  the 
ventilation  question  at  the  time  when  the  new  Houses  of 
Parliament  were  planned.  So  Keid  and  Barry  found  them- 
selves thrust  into  frequent  communication  with  each  other 
in  circumstances  which  ultimately  became  fruitful  in 
difficulties  and  conflicts.  For  a  time,  things  went  on 
smoothly,  but  about  1845,  if  not  earlier,  disputes  and 
difficulties  became  more  frequent  and  more  acrimonious  : 
ere  long,  the  architect  and  the  ventilator  were  not  on 
speaking  terms,  and  business  between  them  was  transacted 
through  the  medium  of  third  parties  or  tedious  written 
statements  involving  a  fearful  amount  of  trouble  as  to 
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matters  that  would  have  been  settled  in  a  few  minutes  by 
a  few  words  in  a  friendly  spirit.  The  Board  of  Works 
had  frequently  to  be  appealed  to,  and  in  1846  a  lengthened 
reference  and  investigation  took  place  before  Mr  Gwilt,  an 
architect,  which,  as  in  so  many  other  cases,  had  no  other 
result  than  a  huge  blue  book.  Some  time  later,  the  climax 
was  reached,  when  Mr  Barry  prosecuted  Dr  Eeid  for  a 
libel.  Dr  Beid  had  used  some  strong  expression  in 
characterising  a  paper  drawn  up  (or  sanctioned)  by  Mr 
Barry,  purporting  to  be  the  minutes  of  a  conference  held. 
Mr  Barry  called  on  him  to  retract  the  expression  or  state- 
ment complained  of.  Dr  Beid  refused.  Mr  Barry  then  in- 
stituted an  action  at  law  against  him.  But  it  was  ruled 
that  the  paper  with  the  statement  objected  to  was  a 
"  privileged  communication,"  and  the  case  was  decided  in 
favour  of  Dr  Beid,  who,  while  thus  gaining  his  cause, 
suffered  at  the  same  time,  as  often  happens,  a  considerable 
pecuniary  loss.* 

Any  account  of  the  career  of  Dr  Beid  would  be  imperfect 
that  did  not  notice  a  circumstance  which  brought  him  into 
undesirable  notoriety — the  attacks  of  the  Bress.  About 
this  time  (1845-47),  he  must  have  had  some  very  zealous 
enemies.  From  the  unwonted  nature,  pertinacity,  and 
singular  virulence  of  these  attacks,  as  well  as  from  circum- 
stances which  have  come  to  his  knowledge,  the  writer 
believes  that,  for  the  most  part,  they  were  instigated  by 
persons  who  had  strongly  interested  motives  for  depreciating 
Dr  Beid  and  his  plans  for  ventilation.    On  mere  public 

It  is  not  the  desire  of  the  writer  to  give  any  opinion  as  to  whether  the 
one  or  the  other  of  these  eminent  men  was  to  blame  for  the  unfortunate 
difficulties  that  arose  between  them.  Both  have  now  passed  from  this  troubled 
scene — "de  mortuis  nil  nisi  bonum."  But,  without  meaning  to  infer  there- 
from that  Dr  Reid  was  in  the  right  in  this  particular  instance,  it  is  due  to  his 
memory  to  state  that  he  was  well  known  as  a  man  of  a  most  kindly  nature, 
affable,  good  natured,  and  obliging  in  his  disposition  and  manners.  That 
this  was  his  general  character,  hundreds  could  testify. 
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grounds — such  as  a  public  journal  could  properly  take  up — 
they  were  utterly  inexplicable. 

When  his  plans  had  been  in  successful  action  in  the 
House  of  Commons  for  eight  years  or  more,  and  his  em- 
ployers and  those  directly  affected  by  their  operation — those 
who  alone  had  access  to  an  intimate  knowledge  of  his 
works — the  Government,  the  Board  of  Works,  and  the 
Members  of  the  House  of  Commons — were  expressing  their 
entire  satisfaction  with  the  results,  the   leading  daily 
journal  began  to  denounce  him  and  his  system,  and  for  a 
time,  continued  to  endeavour  to  run  him  down,  in  a  series 
of  articles,  perhaps  unprecedented  in  the  history  of  the 
Press.    A  few  specimens  are  necessary  to  convey  some 
idea  of  the  statements  of  his  assailant : — "  A  more  egregious 
failure  than  Dr  Eeid's  '  experiments'  have  hitherto  proved, 
cannot  be  imagined.    We  have  not  heard  of  one  individual 
to  whom  they  have  been  '  extremely  advantageous'  except 
it  be  Dr  Keid  himself."    "  That  which  has  hitherto  proved 
so  monstrous  a  failure."    "  The  utter  inefficiency  of  Dr 
Eeid's  system  of  ventilation."    "  The  present  abominable 
system."    "  He  obtains  a  percentage  on  the  cost  of  the 
experiments  which  he  is  hourly  trying  on  what  he  may 
deem  so  vile  a  body  as  the  present  House  of  Commons." 
In  this  style,  the  subject  was  recurred  to  again  and  again, 
often  in  leading  articles.    Here  was  evinced  an  extra- 
ordinary determination  to  do  all  in  its  power  to  injure 
a  man's  professional  reputation  by  a  public  journal  ;  the 
writers  in  which  had  no  occasion  at  all  to  refer  to  the  sub- 
ject, who  could  not  meddle  with  it  without  going  very 
much  out  of  their  way,  and  who  were  neither  in  a  position 
to  know,  nor  competent  to  judge  of  what  he  had  done. 
In  truth,  such  was  their  zeal  in  running  him  down,  that 
they  sometimes  blamed  him,  and  made  a  long  tirade  against 
him,  for  matters  he  had  had  nothing  at  all  to  do  with.* 

*  The  utter  indifference  to  facts,  sometimes  exhibited  by  gentlemen  of  the 
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In  the  year  1845,  Dr  Reid  judged  it  necessary  to  publish 
a  reply  to  The  Times.  Though  its  attacks  had  not  the 
slightest  effect  on  the  Board,  the  Government,  or  the 
Members  of  the  House  of  Commons,  who  knew  well  how 
unfounded  they  were,  they  operated  most  injuriously  against 
his  private  business,  the  prospect  of  which  had  been  one  of 
his  main  inducements  to  remove  to  London.  But  his 
reply,  though  most  convincing  to  those  who  read  it,  could 
have  little  force  against  the  denunciations  of  so  powerful  a 
journal,  which  took  no  notice  of  his  defence.  A  journalist 
never  cries  peccavi ;  he  is  infallible — another  Pope  in  fact ; 
and,  as  Mr  Pendennis  says,  "  has  omniscience  at  his  pen's 
end,  and  is  ready  to  lay  down  the  law  on  any  given  subject — 
to  teach  any  man  his  business."  There  is  no  doubt  that 
these  repeated  attacks  were  successful  in  wounding  the 
feelings  of  a  faithful  and  laborious  public  servant,  who  had 
performed  his  duties  to  the  entire  satisfaction  of  his  em- 
ployers and  of  all  who  were  in  a  position  to  be  able  to 
judge,  damaged  his  professional  reputation,  and  lessened 
greatly  his  professional  income  from  private  consultations. 
For  such  injuries  there  was  no  redress. 

It  seems  proper  here  to  quote  a  few  lines  of  Dr  Reid's 
remarks  on  the  subject : — 

"  The  writers  in  that  paper,  without  the  general  or  special 
knowledge  essential  for  forming  a  judgment  on  the  question, 
without  inquiring  whether  the  matter  complained  of  was 
the  result  of  my  system  or  not, — without  knowing  whether 
or  not  I  was  in  any  degree  responsible  for  the  management 
in  the  particular  instance  referred  to, — have  blamed  and 

Press,  in  statements  calculated  to  injure,  is  surprising.  One  journal  asserted 
that  Dr  Keid's  ventilation  of  the  steamships  of  the  Niger  Expedition  was 
"  a  total  and  a  signal  failure."  For  effective  ventilation,  this  was  one  of  hia 
most  successful  works,  as  amply  testified,  on  several  occasions,  by  leading 
officers  of  the  Expedition.  There  stiU  seems  a  want  of  some  "  Code  of 
Honour"— some  established  rules  of  courtesy,  fairness,  and  caution,  proper  to 
be  observed  by  writers  of  the  Press  in  remarks  affecting  character  and  pro- 
fessional reputation. 
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abused  me  for  every  instance  of  dissatisfaction  with  the 
state  of  the  atmosphere  in  the  Houses  of  Parliament  and 
their  committee  rooms ;  have  seized  every  occasion  to 
attack  what  I  have  done  in  other  places  which  I  have  been 
engaged  to  ventilate ;  have  again  and  again  recurred  to  the 
subject  with  a  pertinacity,  and  in  a  spirit  showing  a  deter- 
mination to  do  all  in  their  power  to  injure  me. 

"  There  has  always  appeared  to  me  something  not  directly 
accounted  for  in  the  conduct  of  the  writers  in  The  Times 
towards  me.  Their  repeated  recurrence  to  the  subject,  the 
pains  they  have  taken  to  go  out  of  their  way  to  disparage 
my  plans,  their  not  scrupling,  as  I  have  shown,  to  suppress, 
invent,  and  misrepresent,  either  for  the  sake  of  doing  me  an 
injury,  or  at  least  proceeding  with  a  recklessness  equivalent 
to  the  same ;  the  virulence,  coarseness,  and  pointed  per- 
sonality of  their  style,  on  a  subject  which  is  eminently  free 
from  the  usual  sources  of  excitement  and  angry  feeling, — 
all  conspire  to  show  a  design  to  use  their  power  to  in- 
jure my  reputation,  both  private  and  professional,  or  that 
they  are  the  tools  of  others  in  attempting  to  effect  this 
object." 

Strange  to  say,  too,  the  great  literary  periodical  of  the 
day,  the  "  Quarterly  Eeview,"  did  not  scruple  to  stoop  to 
lend  its  pages  to  an  endeavour  to  run  him  down.  An  article 
appeared  there  on  Ventilation,  the  sole  purport  of  which  was 
to  throw  ridicule  on  his  plans  and  his  descriptions  of  them. 
It  did  not  contain  a  single  line  of  useful  information,  or 
serious  discussion,  but  was,  throughout,  a  tissue  of  those 
cheap  commodities,  ridicule  and  sneer ;  and  very  dull  and 
commonplace  it  was.  Its  hardest  hit  was  asserting  that 
"  the  subject  and  object  of  Dr  Reid's  experiments  may  be 
reduced  to  the  common  formula  of  £  s.  d.,"  which  was 
thought  so  good,  that  the  £  s.  d.  was  brought  in  several 
times.  The  best  joke  was,  suggesting  that  a  committee, 
with  Mr  Benjamin  Hawes  as  chairman,  should  inquire  into 
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the  ventilation  of  Noah's  Ark  !  The  article  proved  nothing 
but  that  some  one  felt  very  spiteful  towards  Dr  Eeid,  and 
that  the  accomplished  editor  had  been  incautious  in  ad- 
mitting a  paper  so  uuwortby  in  its  object,  and  so  inferior  in 
tone  and  style,  that  he  must  have  been  heartily  ashamed  of 
it  when  he  saw  it  in  print. 

That  the  freedom  of  the  press  is  not  an  unmixed  good, 
we  have  abundant  proofs  daily.  As  a  people,  it  has  brought 
and  secured  to  us  inestimable  advantages  ;  to  individuals, 
on  the  other  hand,  it  has  often  been  productive  of  outrage 
and  injustice.  But  it  is  seldom  that  this  great  privilege 
has  been  so  grossly  abused  as  by  the  writers  who,  leaving 
their  proper  path,  and  far  overstepping  the  bounds  of 
courtesy,  common  fairness,  and  truth,  dragged  into  public 
view  the  subject  of  this  memoir,  and  endeavoured  to  bring 
him  into  public  odium,  in  a  series  of  calumnies  to  which 
not  one  of  them  would  have  dared  to  append  his  name. 

In  1846,  the  House  of  Lords,  desirous  of  entering  imme- 
diately into  the  chamber  prepared  for  them  in  the  new 
building,  and  believing  that  this  would  be  greatly  delayed 
by  the  difficulties  between  Dr  Eeid  and  Mr  Barry,  adopted 
a  course  which  resulted  in  transferring  the  ventilation  of 
their  new  House  and  other  parts  of  the  building,  to  the  hands 
of  the  latter.  This  was  opposed  by  Lord  Sudeley  and  Lord 
Campbell.  The  first  pointed  to  the  great  success  of  Dr 
Beid's  plans,  and  objected  to  superseding  him  and  appoint- 
ing in  his  place  an  individual  "of  whose  knowledge  of  the 
science  of  ventilation  they  had  no  proof  whatever."  Lord 
Campbell,  considering  what  Dr  Eeid  had  done,  and  that  he 
had  engaged,  if  they  allowed  him  the  necessary  powers,  to 
make  the  ventilation  of  the  House  of  Lords  as  perfect  as 
that  of  the  House  of  Commons,  "  thought  that  it  would  be 
unfair  to  deprive  him  of  the  honour  of  carrying  his  promises 
into  effect."  Lords  Lansdowne,  Grey,  and  others,  while 
voting  for  the  change,  fully  admitted  Dr  Eeid's  success  in 
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the  House  of  Commons,  and  regretted  that  the  delay  that 
would  arise  prevented  them  adopting  his  plans.  The  Duke 
of  Wellington,  with  that  practical  sagacity  which  so  distin- 
guished him,  thought  that  the  two  Houses  should  act 
together  with  respect  to  this  question.  This  step  on  the 
part  of  the  House  of  Lords,  was  attended  with  most  serious 
consequences.  It  was,  in  fact,  the  beginning  of  the  end. 
Whatever  inconveniences  or  delays  might  arise  from  want 
of  harmony  between  the  architect  and  the  ventilator,  still 
more  would  it  be  difficult  to  reconcile  two  ventilators  in  the 
same  building.  It  added  to  the  confusion,  rather  than 
lessening  it ;  and  Dr  Keid  mentioned  afterwards,  in  illustra- 
tion of  the  additional  perplexity  created,  that  there  was  one 
room  which,  from  the  arrangement  of  the  flues,  was  actually 
subject,  as  to  ventilation,  to  botJi  of  the  conflicting  autho- 
rities. Dr  Eeid  earnestly  protested  against  this  withdrawal 
of  a  considerable  part  of  the  building  from  under  his  charge, 
and  showed  also,  but  without  avail,  how,  in  a  building  with 
all  its  parts  so  connected,  it  would  interfere  with  the  efficient 
ventilation  of  the  remainder.  When  the  new  House  of 
Commons  came  to  be  occupied,  the  ventilation  was  in  an 
unsatisfactory  state,  very  different,  indeed,  from  what  had 
prevailed  during  fifteen  years  in  the  temporary  House.  The 
members  now  judged  of  the  ventilation  of  their  House  by 
the  advanced  standard  to  which  they  had  been  accustomed 
for  so  many  years  in  the  temporary  House.  Dr  Eeid  had 
inured  them  to  a  perfection  and  luxury  of  ventilation  they 
never  before  experienced,  never  dreamed  to  be  possible. 
Dr  Reid,  at  his  own  request,  it  is  believed,  was  called  to  the 
bar  of  the  House  to  explain  matters.  His  explanation 
resolved  itself,  shortly,  into  the  existence  of  a  divided 
authority,  and  his  not  having  the  necessary  control  over  the 
adjoining  rooms,  corridors,  &c.  The  House  was  satisfied 
with  his  explanations,  and  it  was  a  very  general  impression 
that  his  appearance  at  the  bar  had  done  him  much  good, 
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and  that  he  would  now  be  placed  in  a  more  independent 
position,  and  armed  with  powers  to  carry  out  his  plans  in 
an  efficient  manner.  A  Committee  of  the  House  of  Com- 
mons, which  in  the  year  1852  inquired  into  the  whole  sub- 
ject, recommended  that  the  ventilation  of  the  whole  build- 
ing should  be  placed  under  the  charge  of  one  person  only, 
exonerated  Dr  Eeid's  system  from  any  blame  for  the  failure 
of  the  ventilation  in  the  new  House,  and  distinctly  pointed 
out  that  his  original  plan  was  for  the  ventilation  of  the 
whole  building ;  that  he  had  been  deprived  of  the  superin- 
tendence of  the  greater  portion  when  the  works  were  more 
than  half  completed,  and  that  his  success  had  been  com- 
plete at  St  George's  Hall,  Liverpool,  where  his  plans  were 
carried  into  effect  from  the  commencement  to  the  termina- 
tion of  the  structure. 

During  that  year  negotiations  were  entered  into  between 
Dr  Eeid  and  the  Government  to  render  his  appointment 
permanent,  and  give  him  the  requisite  powers  to  carry  his 
plans  into  effect ;  but  the  adverse  influences  prevailed,  these 
negotiations  were  abruptly  broken  off,  and  his  connection 
with  the  ventilation  of  the  Houses  of  Parliament  ceased. 
A  small  sum  was  given  to  him  as  some  compensation  for 
the  loss  which  he  had  sustained.  This  is  not  the  place  to 
cuter  on  such  a  question,  further  than  to  say,  that  it  was 
the  strong  conviction  of  those  friends  who  knew  his  whole 
career  and  the  proceedings  connected  with  his  removal  to 
London,  that  the  sum  awarded  him  was  totally  inadequate 
to  compensate  for  the  sacrifices  he  had  made. 

This  was  a  severe  blow.  Dr  Keid  had  given  up  Ids  pro- 
fession as  a  lecturer  on  chemistry  in  Edinburgh,  and  sacri- 
ficed the  fairest  prospects,  to  devote  himself  to  this  great 
work ;  he  had  been  associated  with  it  for  nearly  seventeen 
of  the  best  years  of  his  life,  attending  at  the  Houses  night 
and  day,  while  the  House  was  sitting,  for  twelve  years,  and, 
in  the  midst  of  inconceivable  difficulties  and  annoyances, 
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applying  himself  to  his  task  with  all  that  zeal,  industry, 
and  indefatigable  perseverance  which  characterised  him. 
He  looked  forward  hopefully  to  the  crowning  of  his  labours 
by  the  successful  operation  of  his  plans  in  this  great  national 
edifice, — a  result  which,  there  can  be  no  doubt,  would  have 
been  fully  attained  if,  as  elsewhere,  the  requisite  powers  to 
carry  them  into  effect  had  been  granted  to  him. 

But,  although  Dr  Eeid  himself  did  not  derive  from  his 
labours  the  benefit  he  might  fairly  have  anticipated,  they 
have  not  been  lost  to  the  public.  He  advanced  the  art  of 
ventilation  a  great  step.  He  first  showed  that,  for  efficient 
ventilation  in  certain  large  buildings  where  it  is  specially 
needed,  an  artificial  power  must  be  applied  ;  that  it  was 
only  by  the  application  of  an  adequate  power  that  ventila- 
tion could  be  placed  under  control,  and  that  there  should 
be  arrangements  for  cooling,  moistening,  and  purifying  the 
air,  as  well  as  for  warming  it ;  and  he  first  exhibited  a 
thoroughly  ventilated  public  building.  Dr  Eeid  might  be 
removed,  but  his  plans  could  not  be  dispensed  with.  In 
their  main  features  they  are  still  carried  on.  With  some 
modifications  in  mere  details,  the  essential  parts  of  his 
methods  are  still  in  operation  in  the  Houses  of  Parliament. 
An  adequate  power  is  employed  to  draw  or  force  air  through 
the  building,  and  to  regulate  the  ventilation  according  to 
varying  circumstances ;  the  air  is  purified,  warmed,  cooled, 
or  moistened  before  entering  the  apartment  where  it  is  to 
be  breathed ;  and  injurious  local  draughts  are  avoided  by 
breaking  down  the  currents  and  diffusing  them  widely. 
One  of  the  latest  writers  on  ventilation  {Hay — the  "  Laws 
of  Atmospheric  Action")  states  : — 

"  Dr  Keid  is  made  the  scapegoat,  on  whose  head  all  the 
supposed  shortcomings  are  laid  ;  but,  after  all  that  has  been 
said  and  done,  the  doctor's  arrangements,  in  all  their  essen- 
tial features,  are  still  and  again  in  use." 

What  Dr  Reid  did  for  ventilation  will  be  best  appreciated 
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by  considering  its  state  before  he  took  up  the  subject, 
Something  has  already  been  said  as  to  the  former  condi- 
tion of  the  air  in  the  House  of  Commons.  The  following 
additional  testimonies  will  throw  farther  light  on  the  value 
of  his  labours : — 

"  It  is  impossible  to  forget  that  the  efforts  of  many  of 
our  most  distinguished  English  chemists  have  been  directed 
to  the  same  object  with  hut  partial  success;  and  that  to  your- 
self belongs,  almost  exclusively,  the  merit  of  having  applied 
chemical  science  to  the  improvement  of  the  atmosphere  of 
crowded  buildings." — The  Right  Honourable  the  Speaker  of 
the  House  of  Commons,  1843. 

"  The  most  eminent  philosophers  had  been  consulted 
upon  the  subject,  to  no  purpose,  for  a  century.  From  the 
varying  heat  and  cold  of  the  old  House  of  Commons,  and 
from  its  fetid  atmosphere,  the  health  of  the  members 
materially  suffered."  "  Under  your  direction  the  present 
House  of  Commons  has  been  rendered  quite  perfect  as  to 
hearing,  temperature,  and  ventilation." — The  Bight  Honour- 
able Lord  Campbell,  1843. 

"  In  the  temporary  House  of  Commons,  Dr  Keid  had  the 
merit  of  exhibiting,  for  the  first  time,  an  air-moving  me- 
chanism equal  to  the  demand."  "  Until  the  late  House 
of  Commons  existed,  as  ventilated  by  Dr  Eeid,  there  never 
was  in  the  world  a  room  in  which  500  or  more  persons 
could  sit  for  ten  hours  in  the  day,  and  day  after  day,  for 
long  periods,  not  only  with  perfect  security  to  health,  but 
perfect  comfort.  I  think  an  important  novelty  was  therein 
achieved." — DrNeilArnott,  Evidencebefore  Committee,  1852.* 

*  The  following  is  extracted  from  the  Report  of  the  late  meetings  of  the 
Social  Science  Congress  at  Edinburgh  : — "  Mr  Heywood  alluded  to  Dr  Reid's 
method  of  ventilating  the  old  Houses  of  Parliament,  and  expressed  his  regret 
that  that  gentleman  had  not  been  allowed  to  carry  out  his  plans  in  the  new 
Houses,  which  were  badly  ventilated.  Mr  Rawlinson  said,  that  Dr  Reid  had 
been  scandalously  used  in  the  matter  of  the  House  of  Commons.  There  was, 
however,  a  good  example  of  his  style  of  ventilating  buildings  at  St  George's 
Hall,  Liverpool." 
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It  was  Dr  Eeid  who  first  reduced  ventilation  to  scien- 
tific principles,  and  replaced  tlie  rude,  imperfect,  chance  and 
unreliable  methods  which  formerly  prevailed,  by  a  system 
certain  in  its  action,  obedient  to  control,  and  capable  of 
being  regulated.  That  our  legislators  can  now  remain  for 
hours  in  their  chambers,  comparatively  free  from  the  close 
and  '  fetid  atmosphere,'  violent  draughts,  headaches,  and 
general  oppression,  from  which  they  suffered  so  much  in 
former  times,  is  due  mainly  to  the  systematic  and  efficient 
arrangements  for  ensuring  and  controlling  ventilation,  and 
supplying  them  with  a  pure  and  healthful  atmosphere,  first 
introduced  by  Dr  Keid. 

While  thus  harassed  with  annoyances,  vexations,  and 
ultimate  total  disappointment  as  to  the  great  work  to 
which  he  had  so  long  devoted  his  time,  talents,  and  energies, 
he  had  the  satisfaction,  before  he  left  England,  of  seeing 
his  next  greatest  work  brought  to  a  successful  termination 
— St  George's  Hall,  Liverpool — where  his  system  of  venti- 
lation was  in  operation  in  all  its  details.  His  plans  had 
been  introduced  there  at  the  request  of  the  original  archi- 
tect, the  late  H.  L,  Elmes,  Esq.,  with  whom,  as  well  as 
with  his  successor,  Professor  Cockerell,  Dr  Keid's  inter- 
course had  been  uniformly  pleasant  and  harmonious  during 
twelve  years  of  mutual  co-operation.  This  fine  edifice,  one 
of  the  most  elegant,  as  it  is  also  one  of  the  largest  of  the 
public  buildings  of  England,  contains  a  great  number  of 
different  halls  and  apartments,  having  under  one  roof  two 
large  assize  courts,  minor  courts,  grand  jury  room,  judges' 
private  rooms,  barristers'  library  and  robing  rooms,  with  a 
suite  of  witness  and  other  rooms,  a  concert  room,  and  a  great 
hall,  capable  of  containing  about  four  thousand  persons. 
The  dimensions  of  the  latter  are, — length  169  feet,  breadth 
100  feet,  height  86  feet. 

All  these  can  be  brought  at  once,  or  in  such  portions  as 
may  be  desirable,  under  the  action  of  the  ventilation  ;  and  on 
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some  occasions,  4500  persons  have  been  in  the  building, 
for  a  period  of  nearly  ten  hours  ;  tbe  air,  by  the  admirable 
ventilating  arrangements  having  been,  during  the  whole 
time,  supplied  to  that  multitude  in  a  pure  state,  and  in  a  com- 
fortable and  agreeable  condition  as  to  temperature,  moisture, 
&c.  The  power  used  is  a  15-horse  steam-engine,  driving  four 
fans,  10  feet  diameter  and  5  feet  broad,  and  they  can  be  so 
arranged  as  to  act  separately,  or  concentrated  on  one  point. 
In  the  ventilating  shafts  furnaces  are  placed,  to  draw  off  the 
vitiated  air,  and  are  entirely  controlled  by  valves.  The 
movement  of  air  is  upward,  but  it  can  be  reversed  at  plea- 
sure. The  air  is  washed  before  it  enters  the  rooms,  so  that 
there  is  little  or  no  dust.  The  opinions  of  engineers  and 
others,  as  well  as  of  those  who  frequently,  and  for  hours 
at  a  time,  are  subjected  to  the  action  of  the  system,  are 
entirely  favourable.  It  has  been,  in  part,  working  since  1851 , 
the  Assize  Courts  having  been  occupied  then  ;  the  whole 
building  was  opened  in  1854.  Nothing  can  exceed  the 
simplicity  of  the  arrangement  (to  those  who  understand  it)  ; 
and  as  it  is  perfectly  under  control,  any  alteration  is  effected 
in  an  instant,  either  with  reference  to  the  increase  or  lower- 
ing of  the  temperature,  application  of  moisture,  or  quantity 
of  air  supplied.  The  building  is  warmed  by  hot  water  and 
steam  coils,  the  latter  being  used  principally  in  extremely 
cold  weather.  The  amount  of  air  that  can  be  supplied  is 
from  30,000  to  50,000  cubic  feet  per  minute,  depending  of 
course  upon  the  numbers  present. 

The  above  details  have  been  kindly  supplied  by  Mr 
William  Mackenzie,  who  has  charge  of  the  warming  and 
ventilating  at  St  George's  Hall.  A  paper,  describing  the 
system,  was  read  by  him  in  August  last,  before  the  Institute 
of  Mechanical  Engineers,  and  it  was  the  general  opinion, 
that  the  ventilating  arrangements  were  by  far  the  most 
perfect  in  the  kingdom.  Mr  Mackenzie  states:—"  Of  our 
ventilating  works,  all  I  can  say  is,  from  practical  experience, 
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nothing  can  be  move  perfect,  and  they  are  looked  upon  as 
the  largest  and  most  successful  warming  and  ventilating 
arrangements  in  Europe, — so  much  so,  that  before  any  large 
building,  either  in  this  country  or  on  the  Continent,  is  finally 
arranged  to  be  built,  competent  persons  have  been  sent  here 
co  gain  all  the  knowledge  the  works  at  this  building  can  give 
them." 

Such  has  been  the  result,  where,  as  in  the  temporary 
House  of  Commons,  Dr  Beid  had  freedom  to  carry  out 
what  he  regarded  as  essential  for  the  effective  working  of 
his  plans. 

Ventilation,  as  conducted  in  the  temporary  House  of 
Commons  and  St  George's  Hall,  is  one  of  the  triumphs  of 
practical  science.  Our  political  life  and  social  customs  lead 
us  to  assemble  in  confined  spaces  in  hundreds  or  thousands, 
and  remain  there  for  hours  together,  each  unceasingly  poison- 
ing the  surrounding  atmosphere,  and  liable  to  serious  injury 
in  health,  if  the  poison  be  not  removed  with  sufficient  rapi- 
dity, if  it  be  removed  by  violent  local  draughts,  if  the  all- 
around  be  too  warm  or  too  cold.  It  is,  then,  a  public  bene- 
fit to  provide  a  sure  means  of  removing  the  poison,  as  fast 
as  it  is  poured  into  the  air ;  of  doing  this  so  gently  and 
equably,  that  chills  from  draughts  shall  be  entirely  avoided  ; 
of  preserving  the  surrounding  medium  in  a  healthful  state 
as  to  temperature  and  moisture,  and  thus  enabling  a  dense 
crowd  in  a  public  hall  to  remain  there  as  long  as  they 
choose  in  perfect  comfort  and  perfect  safety  as  to  health. 
That  is  achieving  something,  and  that  Dr  D.  B.  Keid  first 
taught  us  how  to  do. 

"While  resident  in  Scotland,  and  during  the  first  few  years 
after  he  settled  in  London,  Dr  Keid  was  much  consulted  as 
to  the  ventilation  or  improvement  of  the  air  in  a  great 
variety  of  buildings,  private,  as  well  as  public,  including  St 
James'  and  Buckingham  Palaces  ;  and  at  this  day,  in  num- 
bers of  places  throughout  the  country,  the  benefits  of  his  in- 
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genuity,  skill  and  experience,  are  still  enjoyed.  His  plans 
have  been  in  successful  operation  in  the  prisons  of  Edin- 
burgh and  Perth  for  many  years.  Among  other  notable 
applications  of  his  system  may  be  mentioned,  the  ventilation 
of  Her  Majesty's  royal  yacht,  the  Victoria  and  Albert,  and 
of  the  steamships  of  the  Expedition  to  the  Niger.  The 
officers  of  the  expedition  acknowledged  their  strong  sense 
of  his  unwearied  exertions  to  execute  the  works  in  a  very 
limited  time,  and  of  the  thorough  control  over  the  air  below, 
decks  given  by  his  arrangements,  by  the  presentation  to  him 
of  a  testimonial,  accompanied  by  two  pieces  of  plate. 

In  1844,  Dr  Eeid  was  selected  as  one  of  the  Eoyal  Com- 
missioners for  inquiring  into  the  state  of  large  towns  and 
populous  districts,  and,  along  with  Owen,  Stephenson,  De  la 
Beche,  and  the  other  eminent  men  composing  the  commis- 
sion, took  part  in  the  important  inquiries  which  were  insti- 
tuted, and  valuable  Eeport,  published  in  1845. 

In  1855,  t)r  Eeid  removed  with  his  family  to  the  United 
States.  He  delivered  lectures  at  the  Smithsonian  Institu- 
tion at  Washington,  at  Boston,  and  other  places,  and  was 
several  times  consulted  by  public  bodies  projecting  sanitary 
reforms  ;  but  met  few  opportunities  of  being  useful  in  the 
peculiar  line  in  which  he  was  eminent,  till  some  time  after 
the  breaking  out  of  the  war.  At  last,  early  in  the  present 
year,  the  Government  conferred  upon  him  the  appointment 
of  Inspector  of  Military  Hospitals,  for  which  they  judged 
his  experience  and  acquirements  peculiarly  qualified  him. 
But,  like  his  distinguished  pupil,  Edward  Forbes,  he  was  cut 
off  within  a  few  months  after  he  had  attained  a  position 
fitted  for  the  exercise  of  his  talents  and  attainments.  He 
died  suddenly  at  Washington,  in  the  course  of  a  professional 
journey,  of  congestion  of  the  lungs,  on  the  5th  of  April  last. 

Dr  Eeid  was  the  second  son  of  Dr  Peter  Eeid,  physician 
in  Edinburgh,  and  Christian  Arnot.  Dr  Peter  Eeid,  through 
his  mother,  Elizabeth  Boswell,  was  the  representative  of  a 
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very  old  Fife  family,  the  elder  line  of  the  Boswells  of  Bal- 
muto,  who  acquired  lands  in  that  county,  by  marriage  with 
one  of  the  heiresses  of  Lochore,  early  in  the  reign  of  David 
Bruce.  Dr  D.  B.  Beid  was  the  twelfth  of  the  family,  in 
different  generations,  who  had  borne  the  name  of  David 
Bosioell.  Christian  Arnot  was  the  eldest  daughter  of  Hugo 
Arnot  of  Balcormo,  a  well-known  advocate  and  antiquarian, 
as  well  as  a  man  of  great  public  spirit,  who  lived  in  Edin- 
burgh towards  the  close  of  the  last  century.  He  was  author 
of  a  History  of  Edinburgh,  and  a  Collection  of  Scottish 
Criminal  Trials.  The  Arnots  of  Balcormo  were  a  branch  of 
the  Arnots  of  Arnot,  who,  for  nearly  seven  hundred  years, 
possessed  the  lands  on  the  east  bank  of  Lochleven,  where 
Arnot  Tower,  a  curious  relic  of  bygone  times,  still  rears  its 
head,  on  the  southern  slope  of  Bishop's  Hill.  In  1834,  Dr 
Beid  married  Elizabeth,  second  daughter  of  James  Brown, 
Esq.,  merchant,  Edinburgh,  who,  with  five  children,  survives 
him. 
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HOWARD'S 

PATENT  VENTILATOR. 

A  SCIENTIFIC  INVENTION 

of  Cheap  construction, 

APPLICABLE  AT  SMALL  COST  TO  ALL 

Buildings,  Railway  Carriages, 
Passenger  Vessels,  &c. 

AND  A 

PERFECT  MEANS  FOR  THE 

INTRODUCTION  OF  PURE  FRESH  AIR, 

WITHOUT  DRAUGHT. 


Patented  in  the  United  States  under  the  name 
of  the  "Lesperance  Ventilator." 
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GjENEEAL  EEMAEKS. 
Ventilation  is  divided  by  writers  on  Hygiene  into  Natural  and  Arti 
ficial.  The  latter  supposes  the  employment  of  some  mechanical  force 
such  as  heat,  steam,  water,  horse  or  man  power.  Under  the  former  is 
included  any  contrivance  by  which  the  best  possible  use  can  be  made  of 
the  air  with  which  nature  supplies  us.  Such  a  contrivance  is  the  Howard 
Ventilator. 

It  is  hardly  necessary  to  point  out  the  necessity  that  exists  for  a  con- 
stant supply  of  pure  fresh  air  into  Hospitals,  Prisons,  Schools,  Barracks, 
and  all  public  buildings  and  private  houses,  more  particularly  in  winter 
when  we  are  obliged  not  only  to  resort  to  artificial  heat,  but  of  necessity 
to  use  every  means  to  exclude  the  cold  atmospheric  air.  Who,  in  going 
from  the  fresh  air  into  any  Public  Establishment  in  the  winter  time,  has 
not  immediately  found  a  warm  apartment,  filled  with  a  poisonous  atmos- 
phere? What  is  true  of  public  buildings  is  equally  true  with  regard  to 
private  residences.  Every  medical  man  has,  in  his  practice,  experienced 
the  fearful  results  of  the  want  of  pure  air,  which  he  has  no  means  of  ad- 
mitting to  his  Buffering  patient  but  by  opening  a  pane  of  glass  and  allow- 
ing such  a  rush  of  Gold,  damp  air  into  the  room,  as  to  do  more  harm  than 
good.  If  any  one  requires  more  fresh  air  than  another,  it  is  the  poor  suf- 
fering consumptive  ;  yet  from  the  want  of  a  proper  means  for  admitting 
pure  air  into  the  room,  his  sufferings  are  increased  and  his  days  shortened, 
housed  up  as  he  is  in  close  rooms  during  the  winter.  How  many  of  the 
deaths  recorded  every  day,  are  easily  traceable  to  the  result  of  colds  taken 
whilst  sitting  in  a  draught  ?  Experience  proves  that  more  colds  are 
taken  in  this  way  than  in  any  other,  in  summer  as  well  as  in  winter.  The 
following  extract  from  the  Report  to  the  Imperial  authorities,  made  by 
Dr.  Muir,  Inspector  General  to  the  forces  stationed  in  Canada,  will  prove 
how  necessary  to  the  public  health  is  the  proper  ventilation  of  all  build- 
ings: 
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"  Dr.  Muir  reports  that  great  improvement  was  made  in  the  year  1866  in  the 
housing  of  troops  in  Canada.  An  excellent  general  hospital  at  Montreal 
has  been  substituted  for  the  four  line  Regimental  Hospitals  formerly  in  use. 
Not  only  has  a  large  saving  to  the  public  been  effected  by  the  change, 
but  the  6ick  are  more  comfortably  accommodated.  Whilst  the  troops  every- 
where are  well  housed,  there  is  great  difficulty  in  keeping  the  air  in  their 
rooms  ia  a  due  state  of  purity  during  the  winter.  The  ill  effects  of  impure 
atr  are  not  very  perceptible  in  private  houses,  where  the  inmates  are  few, 
but  where  20  or  40  men  are  put  in  a  single  room,  where  they  take  their 
meals,  as  well  as  sleep  for  six  or  seven  months  consecutively,  there  can 
scarcely  be  a  question  that  the  seeds  of  grave  disease,  necessarily  having 
connection  between  cause  and  effect,  may  not  be  at  once  traced.  Br.  Muir 
cannot  help  thinking  that  the  large  number  of  men  treated  and  invalided  for  chest 
diseases  during  the  five  years  he  has  been  in  this  command,  bears  a  close  relationship 
to  this  impure  state  of  barrack  air." 

Besides  Ventilators  for  the  admission  ofjjwre  air,  all  buildings  both 
public  and  private,  should  be  well  supplied  with  means  for  the  escape  of 
the  impure  air  generated  therein.  The  escape  tube  should  be  as  high  up 
as  possible ;  chimnies,  stove  and  pipe  holes  perform  this  duty  in  a  man- 
ner, in  private  houses,  but  they  do  not  act  effectually,  from  the  fact  that 
the  draught  is  formed  close  to  the  floor,  instead  of  the  ceiling,  thereby 
exposing  the  occupants  to  draughts  and  chills. 

Few  persons  can  conceive  the  amount  of  pure  air  necessary  for  health. 
Parkes,  the  highest  authority  on  the  subject  of  Hygiene,  lays  down  as  a 
rule  that  2000  cubic  feet  of  fresh  air  per  hour  per  head  for  persons  in 
health,  and  from  3000  to  4000  cubic  feet  for  the  same  time,  for  each  sick 
person  are  required.  In  a  table  published  by  him  he  states  that 
"The  amount  of  fresh  air  to  be  supplied  per  head  per  hour  in  temperate 
climates  under  the  following  circumstances  is  : 

In  Barracks        1,059    cubic  feet  by  Day  and  2,118  by  Night 
In  Workshops     2,118       "     "  " 
In  Prisons  2,118       '!     "  by  Day  and  Night. 

In  Hospitals        2,825       "     "  " 
«       «  4,236       "     "  during  hours  of  Dressings. 

a       <i  5,650       "     "  during  Epidemics. 

In  Schools  1,059       "  " 

Speaking  of  the  impurities  from  our  breath  and  the  exhalations  from 
our  skin.  &c,  he  makes  the  following  remarks  : 

"  An  adult  man  in  ordinary  works  gives  off  in  24  hours  from  12  to  16  cubic  feet 
of  carbonic  acid  gas  and  also  emits  an  indeterminable  quantity  of  the  same 
gas  by  the  skin.  In  Hospitals,  in  addition  to  being  vitiated  by  respir  ation 
the  air  of  sick  rooms  is  also  contaminated  by  the  abundant  exhalations 
from  the  bodies  and  by  the  effluvia  from  discharged  excretions." 
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"  That  the  breathing  of  air  rendered  impure  from  any  cause  is  hurtful,  and  tha 
the  highest  degree  of  health  is  only  possible  where  to  other  favorable  con- 
ditions is  added  that  of  a  proper  supply  of  pure  air,  might  be  inferred  from 
physiological  evidence  of  the  paramount  importance  of  proper  aeration  of  the 
blood.  Experience  strengthens  this  inference  and  statistical  inquiries  on 
mortality  prove  beyond  a  doubt,  that  of  the  causes  of  death  which  usually  are 
in  action,  impurity  of  the  air  is  the  most  important.  Indeed,  observation 
confirms  this.  The  air  must  be  removed  so  immediately  that  there  shall  be 
no  risk  of  a  person  breathing  again  his  own  expired  air  or  that  of  another 
person.  In  hospitals,  especially,  it  is  desirable  that  there  shall  be  no 
chance  of  the  air  of  one  sick  person  passing  over  the  bed  of  another  ;  there- 
fore the  movement  of  the  air  should  be  rather  vertical  than  horizontal, 
and  as  the  expired  air  and  all  the  exhalations  from  the  body  or  bed  clothes 
at  first  pass  upwards  from  their  levity,  it  is  desirable  that  they  should  be 
discharged  above  and  not  drawn  down  again  past  the  patient." 
Speaking  of  Ventilation,  Mr.  Parkes  says  . 

"  In  order  to  keep  air  in  its  necessary  purity,  it  must  be  continually  changing. 
Whatever  way  the  air  is  supplied,  certain  conditions  must  be  laid  down  ; 
the  air  which  enters  must  itself  be  pure,  its  movements  must  be  inpercep^ 
tible,  otherwise  it  will  cause  the  sensation  of  draught  and  will  chill.  It 
must  be  diffused  all  through  the  room  so  that  in  every  part  movement, 
shall  be  going  on  in  other  words  the  distribution  must  be  perfect.  A  mov- 
ing body  of  air  sets  in  motion  all  air  in  its  vicinity,  it  drives  air  before  it 
and  at  the  same  time  causes  a  partial  vacuum  on  either  side  of  its  own  path, 
towards  which  all  air  in  the  vicinity  flows  at  angles  more  or  less  approach- 
ing right  angles." 

Mr.  Park  es  gives  a  description  of  the  many  modes  invented  for  the 
transmission  of  pure  air  into  buildings,  but  does  not  seem  to  have  much 
confidence  in  any  of  them.  Some  of  them  are  clumsy  and  useless  and 
many  very  expensive.  Amongst  the  number,  are  drilling  holes  in  the  panes 
of  glass ;  having  two  panes,  the  outside  open  in  the  bottom,  the  inside 
in  the  top,  the  air  to  pass  between  the  two  panes  ;  tubes  passing  into  the 
room  and  perforated ;  air  passing  round  hot  steam  pipes ;  pieces  of  board 
constructed  in  the  upper  part  of  the  window  to  direct  the  air  inwards  and 
upwards;  fine  wire  screens,  &c,  &c. 

A  Ventilator  should  always  and  at  all  times  admit  pure  air  ;  the  air 
should  be  equally  diffused  all  through  the  rooms,  in  fact  the  distribution 
should  be  peifect;  its  movements  should  be  imperceptible,  consequently 
without  draught ;  the  air  should  be  rendered  warm  in  its  passage  through 
the  Ventilator  ;  if  there  be  any  impure  gas  in  the  atmosphere,  such  as 
sulphurretted  hydrogen,  it  should  be  absorbed  in  the  machine  before 
being  admitted  in  the  room  ;  no  suspended  organic  matter  should  be 
admitted  with  the  air  ;  and  if  the  air  is  too  damp  (that  is,  saturated  with 
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watery  vapors),  part  of  the  water  should  be  absorbed  by  a  simple  change 
in  the  Ventilator. 

These  were  the  advantages  proposed  in  the  construction  of  the  How- 
ard Ventilator,  and  which  after  numerous  tests  of  the  highest  scientific 
authority,  it  is  fully  allowed  to  possess. 


DESCRIPTION,  MANNER  OF  USE  AND  ACTION 

Fig.  I. 

The  accompanying  diagram  (Fig.  I)  re- 
presents the  interior  appearance  of  tne 
Ventilator.  The  air  in  the  Ventilator  has  to 
pass  through  three  plates  of  perforated  tin,  a 
covering  of  sponge  or  wool,  and  a  box  filled 
with  charcoal.  It  is  thus  impossible  that 
any  suspended  organic  matter  can  pass 
through  it,  and  when  necessary,  a  portion 
of  the  damp  in  the  air  is  absorbed  and  re- 
tained in  the  sponge  or  wool  in  the  first 
chamber,  and  all  impure  gas  is  absorbed 
by  the  charcoal  in  the  second  chamber. 
The  air  is  rendered  warm,  first  by  the 
amount  of  friction  it  has  to  undergo,  and 
secondly  by  the  chambers  through  which  it 
passes  being  warmed  by  the  heat  of  the 
room.  From  the  formation  of  the  Ventil 
ator,  the  air  passes  upwards  and  inwards,«er- 
tically  and  not  horizontally ;  therefore  there 
can  be  no  sensible  draught ;  it  is  divided  into  numerous  and  continuous 
streams  and  is  discharged  into  the  room  like  water  from  a  fine  rose  on  a 
watering  pot. 

By  reference  to  Figure  2,  which  gives  a  lateral  view 
of  the  Ventilator,  an  idea  will  be  gained  of  the  mode 
of  ingress,  and  purification  of  the  air.  A  layer  of  sponge 
rests  on  a  finely  perforated  plate  of  sheet  metal.  Above 
this  compartment,  and  separated  from  it  by  a  similar 
perforated  plate  is  a  layer  of  charcoal,  which,  as  is  well 
known,  is  a  powerful  absorbent.  Over  this  is  a  perforat- 
ed dome,  through  which  the  air  finally  enters. 

The  sectional  view  in  Figure  3,  will  make  the  con- 
struction still  more  apparent.  The  Ventilator,  as  seen 
from  the  interior  of  an  apartment,  when  placed  in  a 
window,  is  presented  in  Figure  4,  and  in  Figure  5,  there 
.  an  exterior  view  of  it  in  the  same  situation. 
18  It  will  thus  be  seen  that  the  Howard  Vintilator  is 
as  simple  and  tasteful,  as  it  is  soundly  scientific,  in  its 
instruction. 

In  every  private  house  there  should  be  one  large 
or  two  small  Ventilators  in  every  large  room,  particu- 
larly  in  bed-rooms.  In  Hospitals,  Barracks,  Schools, 
Prisons,  &c,  there  should  be  one  large  or  two  small  ones, 
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for  every  twelve  persons  in  the  day  time,  and  in  the  sleeping  rooms,  one 
for  very  eight  persons.  In  prisons,  one  large  Ventilator  should  be  in 
each  cell.  The  Ventilator  should  take  the  place  of  one  of  the  highest 
panes  of  glass  in  the  window,  in  houses  already  built;  but  when  build- 
ing, provision  may  be  made  to  have  it  put  in  any  convenient  place,  care 
being  taken  that  no  obstruction  is  allowed  to  pre- 
vent the  easy  withdrawal  of  the  box  of  the  Ventila- 
tor, when  necessary  to  do  so.  The  box  of  the  Ven- 
tilator will  of  course  face  the  inside  of  the  room. 
Where  double  windows  are  used  the  funnel  takes 
the  place  of  the  corresponding  pane  of  glass  in 
which  the  Ventilator  is  placed,  and  the  funnel  drawn 
out  to  cover  the  mouth  of  the  Ventilator.  When 
necessary  to  deprive  the  air  of  part  of  the  aque- 
ous vapor  (damp)  the  sponge  must  be  placed  in  the 
vacant  chamber  under  the  box,  and  should  the  wind 
blow  very  strong  and  cold,  directly  on  the  mouth 
of  the  Ventilator,  the  piece  of  flannel  must  be  placed 
over  the  top  of  the  box.  At  other  times  it  is  allowed 
to  hang  down.  Unless  the  air  be  over  wet,  the 
sponge  should  not  be  used.  As  was  stated  above, 
the  box  as  well  as  the  whole  of  the  Ventilator,  should 
be  dusted  occasionally 

When  the  Ventilators  are  used  for  Railroad 
Cars,  they  must  be  in  the  cars.  Their  size  will  de- 
pend upon  that  of  the  car,  and  they  can  be  put  in 
such  places  as  may  be  deemed  best  by  the  builder ; 
only  that  care  must  be  taken  that  the  tubes  for  the 
escape  of  foul  air  generated  in  the  cars,  mustbe  below  the  Ventilator,  other- 
wise the  fresh  air  as  well  as  the  foul  air,  would  pass  through,  and  the  ob- 
ject intended  to  be  gained  would  be  lost.  By  this  plan  the  fresh  air  will 
displace  the  foul  air  and  force  it  out  through  the  escapes. 

The  sponge  or  wool  should  be  always  in  use  in  railroad  carriages, 
Every  builder  of  a  car  may  arrange  these  Ventilators  to  suit  his  own  taste  • 
but  the  principle  laid  down  must  be  adhered  to. 

It  may  be  objected  to  the  Ventilator  that  it  disfigures  and  obscures 
a  window.  The  obscuration  is  very  slight  and  the  apparatus  may  be  so 
beautified  in  various  ways  as  to  be  made  even  ornamental.  A  handsome 
grating  outside  and  a  covering  of  carved  wood  inside,  or,  in  fact,  any  plan 
suggested  by  the  taste  or  consistent  with  the  means  of  the  person  using 
it,  might  be  adopted  to  remove  its  supposed  unsightly  features.  Most 
persons,  however,  will  admit  that  the  inventor  has  been  admirably  suc- 
cessful in  uniting  beauty  with  usefulness  in  its  construction.  Any  fancied 
disadvantages  of  this  kind  will  have  a  very  subordinate  value,  when  set 
side  by  Bide  with  the  inestimable  gain  of  renewed  life  and  health,  which  is 
the  boon  of  a  perfect  system  of  ventilation. 

The  Ventilator  might  be  very  conveniently  placed  over  a  hall  or  back 
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door  where  there  is  glass.  In  building,  the  windows  of  a  house  may  not  be 
used  at  all,  but  the  Ventilator  may  be  placed  in  the  wall  of  the  house, 
having  the  opening  to  the  inside  in  the  cornice  ;  and,  in  this  case,  the  en- 
trance or  outer  side  may  be  covered  with  grating. 
There  is  not  the  slightest  doubt  that  if  the  Ventilator  be  used  ac 
cording  to  the  directions  given,  \  there  will  be  no  difficulty  in  supplying 
either  buildings  or  railroad  cars  with  pure  fresh  air  without  any  sensible 
draught. 

 6n-^<3S>t2^2K*es^  • 

TESTIMONIALS   TO    THE  EFFICIENCY  OF  THE  HOW- 
AKD  VENTILATOE. 


The  Howard 
Ventilator  has  un- 
dergone the  test 
of  experience  in 
both  public  and 
private  buildings, 
and  under  the 
most  trying  cir- 
cumstances, both 
in  Canada  and  the 
United  States,and 
has  received  in 
both  these  coun- 
tries the  highest 
encomiums  from 
persons  of  exper* 
ience  in  practical 
hygiene.  The  opi- 
nions which  are 
subjoined  are  the 
recorded  results 
of  actual  trial. 


Fig.  4. 


EXTEACT  FROM  A  REPORT  OF  A  SPECIAL  COMMITTEE 

ON    THE  HOWARD  VENTILATOR. 

Ppesented  at  the  Kegular  Meeting  of  the  "  New  York  Association  for 
the  advancement  of  science  and  art,"  at  cooper  institute, 
and  unanimously  adopted  march  8th,  1869. 


New  York,  8th  March,  1869. 
To  the  Association  for  the  Advancement  of  Science  and  Art. 

Fig.  5. 

The  undersign- 
ed Committee,  ap- 
pointed at  the  last 
meeting  of  the 
Association  to  pre- 
pare a  report  on 
the  Ventilator  then 
exhibited,  have 
given  the  subject 
a  careful  and  mi- 
nute consideration 
and  hereby  pre- 
sent our  views 
thereupon. 

With  regard  to 
the  importance  of 
removing  from  oc- 
cupied apartments 
the  foul  gases 
which  are  univers- 
ally and  continu- 
ally generated  by 
respiration,  pers- 
piration, and  var- 
ious other  vital 
functions,  also  by 
the  combustion  of 
gas,  oil,  and  fuel, 
there  is  a  very 
general  conviction 
thereof,  and  sev- 
eral methods  have 
been  suggested,and 
are  in  practice  for 
sai  d  pilrposo  ;  but 

another  equally  important  consideration  has  very  recently  received  appro- 
priate attention,  viz.  -.the  supply  of  an  ample  amount  of  pure  air.  It  is  a  well  un- 
derstood philosophical  fact  that  the  removal  of  the  air  of  any  room  is  imprac- 
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ticable  without  the  supply  of  an  equivalent  amount  from  without,  and  as  this 
latter  idea  is  very  rarely  practical,  because  of  the  general  apprehension  of 
danger  derivable  frem  currents  of  air,  it  is  very  seldom  that  a  consistently  and 
thoroughly  ventilated  building,  either  public  or  private,  or  any  railroad  car, 
or  passenger  vessel,  is  ever  seen. 

Another  circumstance  which  frequently  prohibits  the  supply  of  aiv  from 
without,  into  occupied  apartments,  is  the  impurity  of  the  general  atmosphere 
in  large  cities,  and  some  other  localities  where  foul  gases  are  produced  by  var- 
ious manufactures,  and  deficient  drainage  and  sewerage;  also  the  emanation  of 
disease-producing  influences  from  the  soil  and  vegetations  of  many  rural  lo- 
calities. Of  the  latter  sources  of  sickness  there  are  some  almost  universally 
understood,  for  example,  the  sources  of  intermittent,  typhus,  and  yellow  fev- 
ers, rheumatism,  catarrhs,  consumption,  and  various  others  derived  from  im- 
purities of  the  blood,  caused  by  the  inhalation  of  foul  air. 

One  of  the  most  copious  sources  of  disease,  particularly  in  crowded  cities 
as  we  have  for  many  years  noticed  especially  in  the  city  of  New  York,  is  tho 
prevalence  of  dust,  of  both  vegetable  and  mineral  composition,  derived  from 
the  filth  of  tho  streets,  and  from  the  numerous  discreditable  practices  of  bottt 
private  and  official  individuals.  The  breezes  raise  immense  clouds  of  it  into 
tho  atmosphere,  and  drivo  them  into  the  buildings,  whereby  all  individuals, 
both  outdoors  and  indoors,  inhale  the  dust  to  a  considerable  extent,  thus  caus» 
ing  very  numerous  cases  of  physical  disease. 

To  this  subject  neither  our  civic  nor  sanitary  authorities  appear  to  havo 
given  any  attention,  although  by  them,  especially  by  the  Board  of  Health,  the 
evil  might  be  almost  entirely  suppressed. 

Heretofore  we  have  had  no  means  whereby  either  the  dust,  the  poisonous 
gases,  or  the  moisture  of  the  outer  atmosphere  could  be  prevented  from  enter- 
ing the  doors  or  windows,  the  opening  of  which  are  the  only  means  of  supply- 
ing the  interior  of  the  house  with  fresh  air.  But  we  have  now  the  pleasure  of 
being  able  to  say  that  the  apparatus  upon  which  we  have  been  requested  to 
report,  is  very  clearly  a  happy  arrangement  for  the  purification  of  the  atmos- 
phere before  entering  into  houses. 

Its  mechanical  and  chemical  arrangement  present  a  very  good  assurance 
that  its  application  to  dwellings,  churches,  hospitals,  schools,  railroad  cars 
and  all  other  occupied  premises,  will  supply  the  inmates  thereof  with  nothing 
but^ure  air,  and  thus  avoid  the  very  numerous  atmospheric  causes  of  disease, 
provided  the  internal  sources  thereof  are  removed  by  appropriate  ventilation 
which  this  arrangement  will  greatly  facilitate. 

The  mechanical  arrangement  of  the  apparatus  causes  a  very  free  distribu- 
tion of  the  air  in  the  room  to  which  it  is  attached,  by  dividing  the  current  into 
a  very  great  number  of  singularly  minute  streams,  thereby  totally  obviating 
the  objection  against  currents  of  air,  but  at  the  same  time  supplying  the  amount 
necessary  for  any  number  of  pensons,  provided  the  room  is  sufficiently  furnish- 
with  the  apparatus.   One  Of  Its"  physical  StRtngerftatitS  also  causes  itts  ttsorp* 


11. 

tion  of  the  moisture  of  the  atmosphere,  thereby  preventing  its  entrance  into 
th6  ro6ms.  Also,  as  one  branch  of  its  structure  is  within  the  room,  the  cold- 
ness of  the  outer  air  may  be  reduced  before  entering. 

The  impure  gases  very  frequently  generated  outside  of  houses  are  also 
arrested  in  the  passage  of  the  air  through  the  apparatus,  by  being  brought  in 
contact  with  appropriate  chemical  materials,  which  absorb  the  gases,  thus,  hap- 
pily preventing  their  foul  influences.  The  most  common  sources  of  sickness 
of  this  nature  being  carbonic  atid  gat,  and  tulphvrretted  hydrogen  gat,  the  lattery- 
derived  partly  from  gas  manufactories,  may  both  be  absorbed  by  the  chemical 
contents  of  the  apparatus  ;  and  what  is  equally  important  as  a  sanitary  regula- 
tian,  no  dust  or  other  organized  matter  can  pass  through  it,  though  the- exis- 
tence thereof  in  large  cities  might  be  almost  wholly  prevented  by  proper  re- 
strictions enforced  by  the  sanitary  authorities. 

The  enormous  existence  of  this  organic  poison  in  the  outer  air  causes  its 
entrance  into  every  house,  thereby  covering  the  furniture  and  clothing  of  the 
inhabitants,  and  also  mingling  with  the  articles  of  food,  besides  its  inhalation 
into  the  lungs. 

Almost  every  store  and  market  make  a  display  thereof  on  their  saleable 
articles,  and  it  may  also  be  frequently  noticed  in  our  Croton  Water,  probably 
being  derived  chiefly  from  its  absorption  in  the  reservoirs.  If  the  existence 
of  this  nuisance  is  not  entirely  suppressed  by  the  appropriate  authorities,  as  it 
might  be,  the  owner  of  every  house  and  every  rail  road  car  should  prevent  its 
introduction  therein  by  such  an  efficient  and  simple  means  as  the  subject  of 
this  report. 

Tour  Committee  deem  it  likewise  appropriate  to  refer  to  another  well- 
established  anti-hygienic  circumstance,  viz  :  that  Cholera  is  carried  into  the 
air  by  means  of  organized  matter,  and  that  such  is  also  the  case  with  many 
eruptive  diseases,  especially  Small  Pox,  Scarlet  Fever,  and  Measles,  the  ema- 
nation from  the  surface  skin  in  these  cases  being  carried  through  the  air,  and 
hence  become  the  sources  of  the  spread  of  all  these  dangerous  complaints. 

The  apparatus  referred  to,  it  is  believed,  would  be  found  a  protection  of 
dwelling  against  the  malarious  sources  from  the  outside. 

Your  Committee,  after  careful  examination  and  mature  deliberation,  are 
convinced  that  this  new  Ventilator  will  perform  all  that  the  inventor  pro- 
poses it  should  do,  and  we  hail  with  great  satisfaction  this  addition  to  science 
and  art,  considering  that  it  will  be  found  one  of  the  best  means  for  the  pre- 
servation of  health,  and  its  restoration  to  diseased  bodies,  especially  in  hos- 
pitals. 

Having  thus  become  perfectly  convinced  of  the  value  of  this  very  happy 
arrangement  of  mechanical  and  chemical  means  for  the  purification  of  the 
chief  source  of  vitality  for  every  animal  creature,  and  also  for  the  avoidance 
of  the  very  numerous  sources  of  disease  derived  from  the  decomposition  of 
many  natural  substances,  and  also  from  erroneous  habits  of  large  numbers  of 
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the  human  race,  your  committee  deem  it  appropriate  to  urge  upon  the  pro- 
prietors of  all  occupied  premises,  especially  the  managers  of  schools,  churches, 
hospitals,  asylums,  prisons,  tenement  houses,  public  vehicles  of  every  des- 
cription, and  all  passenger  vessels,  the  application  of  this  apparatus  thereto/ 
thereby  assisting  in  the  preservation  of  health,  the  cultivation  of  both  mental 
and  physical  strength,  and  prolongation  of  human  lives. 

Respectfully  submitted, 

JOHN  H.  GRISCOM,  M.  D. 

JOHN  ALLEN,  D.  D.  S. 

JOHN  JOHNSON. 


EXTRACT  FROM  THE  MINUTES  OF  A  MEETING  OFTHE  POLYTECH. 
NIC  ASSOCIATION  OF  AMERICAN  INSTITUTE  HELD  AT  THEIR 
ROOMS,  NEW  YORK,  15th  APRIL  1869. 

Dr.  Dubois  D.  Parmalee  in  the  chair.  At  the  meeting  the  Howard  Ven- 
tilator was  exhibited  and  its  construction  and  utility  explained. 

Mr.  J.  Disturnell  said  that  this  apparatus  had  been  presented  to  another 
scientific  society  in  this  city,  and  they  had  appointed  a  committee  to  examine 
it,  who  made  a  very  extended  and  favorable  report  on  it.  In  his  opinion  the 
influence  which  caused  consumption  would  in  a  great  measure  be  absorbed 
by  this  apparatus.  In  preventing  diseases  that  are  climatic,  this  invention  is 
very  valuable. 

Dr.  Edwards  remarked  that  the  Ventilator  had  been  recommended  to  the 
Board  of  Health  as  a  means  of  preventing  disease,  but  unless  ample  means  were 
provided  for  the  egress  of  the  foul  air,  the  instrument  would  fail.  What  con- 
sumptive people  want  is  air,  pure  natural  air,  not  artificially  made. 

The  patients  at  the  Brompton  Hospital,  where  the  air  is  warmed,  did  very 
well,  while  they  remained  there,  but  when  taken  back  to  the  cold  air  they  died. 
But  now  we  send  consumptive  people  to  the  clear  bracing  air  of  Nebraska,  and 
they  come  back  well  and  remain  so.  The  screens  through  which  the  air  has 
to  pass  in  this  Ventilator  acts  on  the  principle  of  the  Respirator  described  at  a 
recent  meeting.  The  force  of  the  entering  air  can  be  regulated  by  the  number 
of  screens.  To  call  this  a  Ventilator  seems  to  be  a  very  imperfect  definition  of 
it,  as  it  effects  many  other  objects  as  well.  Its  adoption  by  the  Board  of  Health 
is  a  very  desirable  matter. 

The  Chairman  remarked  it  was  not  only  a  Ventilator,  but  a  filterer  of  the 
air  as  well. 

Mr.  J.  A  Whitney  remarked  that  in  cities  and  on  the  banks  of  streams  this 
system  of  Ventilation  would  be  very  requisite. 

Mr.  J.  R.  Fisher  said  that  it  was  a  barbarism  to  have  dust  in  the  streets, 
hut  while  we  have  it  there  must  be  something  done  to  mitigate  the  evil,  and 
that  can  be  done  by  straining  the  air.  This  invention  is  especially  valuable  to 
those  who  have  not  the  means  of  paying  for  luxuries. 
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OPINION  OF  DR.  SMALL  WOOD,  PROFESSOR  OF  METEOROLOGY, 
McGILL  COLLEGE,  MONTREAL. 
1:  I  have  carefully  examined  Dr.  Henry  Howard's  Patent  Ventilator,  having 
placed  one  for  that  purpose  in  a  suitable  position,  and  having  submitted  it  for 
a  considerable  time  to  various  experiments,  with  the  aid  of  the  thermometer, 
hygrometer,  and  ozonometer,  and  having  thoroughly  tested  it,  am  of 
opinion  that  it  is  a  most  perfect  Ventilator,  peculiarly  adapted  for  the  admis- 
sion of  pure  air  into  any  place  ;  freed,  by  its  peculiar  construction,  from  dele- 
terious gases,  and  from  too  abundant  amount  of  moisture.  It  is  also  furnish- 
ed with  the  means  of  regulating  the  amount  of  air  admitted. 

"For  the  sick  room,  hospitals,  railroad  cars,  and  for  private  dwellings, 
where  the  admission  of  pure  air  is  so  important,  the  Ventilator  will  be  found  an 
object  of  great  value  ;  and,  I  feel  assured  that  so  soon  as  it  is  more  generally 
known,  it  will  be  universally  adopted. 

"Charles  Smallwood,  M. D.,  L  L.  D.,  D.  C.  Lv 

"  Professor  of  Meteorology  in  the  University  of 
"McGill  College,  Montreal." 


PROF.  JOSEPH  HENRY,  OF  THE  SMITHSONIAN  INSTITUTE, 

WASHINGTON  CITY, 

One  of  the  very  highest  authorities  on  the  subject  of  Ventilation,  states  in  a 
paper  that  he  has  examined  the  Howard  Ventilator,  and  is  favorably  impressed 

with  "the  importance  of  the  invention,  and  is  convinced  that  it  may  be  em- 
ployed with  good  results,  particularly  in  sleeping  rooms  and  in  houses  situated 
in  malarious  districts."    He  authorizes  the  publication  of  his  approval  of  it. 


THE  BOARD  OF  INSPECTORS  OF  PRISONS  AND  ASYLUMS,  FOR 
THE  PROVINCE  OF  QUEBEC, 
In  their  Report  for  1868  speak  as  follows  of  this  Ventilator : 
V  EN  T  I  LATION, 

[TRANSLATED  FROM  THE  FRENCH.] 

"  All  the  prisons,  except  that  of  Quebec,  are,  more  or  less,  deprived  of 
this  powerful  agent  in  the  preservation  of  health. 

"This  subject,  so  important  in  a  sanitary  point  of  view,  has  not  received 
the  attention  which  it  merits,  from  the  architects  of  this  country. 

"  Formerly  very  little  attention  was  paid  to  ventilation  in  public  build- 
ings, houses  of  education,  hospitals,  jails,  &c. 

"For  some  years  past,  however,  many  men  of  science  have  given  tho 
subject  serious  thought,  and  in  this  respect,  as  in  many  others,  have  made  nu- 
merous researches. 

"  Every  one,  now-a-days,  is  convinced  that  ventilation  ought  nover  to  be 
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lost  sight  of  in  the  construction  of  buildings  intended  for  the  accommodation 
of  large  numbers. 

."  To  satisfy  this  requirement  many  systems,  answering  more  or  less  the 
end  in  view,  have  been  put  on  trial. 

"  Of  these  systems,  there  are  some  whose  application  is  difficult  and  ex- 
pensive; others  are  remarkably  simple — which  does  not  prevent  them  from 
being  every  way  suitable. 

"  During  our  visit  to  the  St.  Johns  Asylum,  we  had  occasion  to  examine  a 
very  simple  apparatus,  the  invention  of  the  able  Superintendent,  Dr.  Howard, 
by  means  of  which  ventilation  works  admiiably.  This  apparatus,  which 
costs  little,  consists  of  a  little  box  of  tin,  the  interior  of  which  is  peculiarly 
made,  is  fixed  in  a  window.  The  outer  air  is  introduced  transversely  into  the 
apartment,  at  the  same  time,  getting  rid  of  damp  and  all  alien  substance  ;  so 
that  it  is  circulated  without  sensible  impression  on  the  inmates.  By  this 
means,  .twenty-six  thousand  four  hundred  feet  may  be  introduced  hourly, 
enough  for  twelve  persons  in  health  and  for  six  hospital  patients.  If  one  of 
these  apparatus  is  not  sufficient,  i  t  is  easy  to  use  as  man}'  as  may  be  required. 

"  As  far  as  our  knowledge  extends,  we  believe  that  this  discovery  is  very 
useful,  and  that  the  apparatus  ought  to  be  used  whenever  ventilation  is  re- 
quired. And,  certainly,  it  is  required  in  Prisons,  Asylums,  Hospitals,  Educa- 
tional Establishments,  &c.r 

Dr.  L.  L.  0.  Desaulniers,  President  of  the  same  Board,  makes  the  following 
statement  in  the  Book  of  the  St.  Johns  Asylum. 

"  The  apartments  are  to-day,  (June  2nd,)  notwithstanding  the  great  heat, 
free  from  any  unpleasant  smell.  This  is,  without  doubt,  owing  to  the  good 
system  of  ventilation  which  has  been  introduced  into  the  establishment — 
the  invention  of  the  zealous  Superintendent,  Dr.  Howard. 


EXTRACT  FROM  REPORT  OF  J.  M.  FERRES,  ESQ.,  LATE  INSPECTOR 
OF  PRISONS  AND  ASYLUMS  FOR  CANADA. 

"The  St.  Johns  Asylum  is  kept  in  an  admirable  state  of  cleanliness. 
Were  it  not,  it  would  be  impossihle  for  Dr.  Howard  to  maintain  it  as  free  from 
sickness  as  as  it  is.  He  continues"  to  devise  expedients  for  improving  the  ven- 
tilation so  that  almost  as  soon  as  foul  air  is  generated  it  is  expelled?* 


BOARD  OF  HEALTH,  NEW  YORE  CITY. 

This  "Ventilator"  was  tested  in  one  of  the  rooms  in  the  Metropolitan 
Board  of  Health  building,  New  York  City,  and  was  highly  approved  of  both 
by  the  Superintendent  of  the  Board,  and  the  different  gentlemen  forming  the 
Sanitary  Commission. 


15. 

THE  SCIENTIFIC  AMERICAN 

This  distinguished  organ  of  American  invention,  in  speaking  of  the  Ven- 
tilator, thus  records  its  opinion  of  its  merits  :  "  This  Ventilator  is  constructed 
upon  sound  scientific  principles,  and  the  employment  of  well  known  and 
thoroughly  proved  means  to  accomplish  the  ends  sought,  will  give  confidence 
to  their  tasteful  combination,  as  used  in  the  apparatus. 

"It  will  be  seen  that  the  air  enters  this  Ventilator  by  virtue  of  the  pres- 
sure of  the  external  air,  the  specific  gravity  of  the  air  inside  an  occupied  and 
warmed  room  being  less  than  that  outside.  Hence  it  is  not  subject  to  being 
affected  by  external  winds  as  much  as  many  other  kinds  of  apparatus.  It  ap- 
pears to  us  to  be  one  of  the  most  important  devices  yet  invented  to  secure  am- 
ple and  perfect  ventilation  in  public  school  buildings,  hospitals,  churches,  and 
private  dwellings. 


THE  NEW  YOEK  ASSOCIATION  FOE  THE  ENCOUEAGE- 
MENT  OF  SCIENCE  AND  AET. 

The  "  Howard  Ventilator  "  was  exhibited  to  the  New  York  Association 
for  the  Encouragement  of  Science  and  Arts,  and  a  committee  was  appointed 
to  investigate  its  merits,  which  made  a  very  favorable  report.  The  following 
extract  from  this  report  sufficiently  sets  forth  the  views  of  this  committee. 

"  Your  Committee,  after  careful  examination  and  mature  deliberation  are 
convinced  that  the  Howard  ventilator  will  perform  all  that  the  inventor 
proposes  it  should  do,  and  we  hail  with  great  satisfaction  this  addition  to 
science  and  art,  considering  that  it  will  be  found  one  of  the  best  means  for 
the  preservation  of  health,  and  its  restoration  to  diseased  bodies,  especially  in 
hospitals." 


THE  SOCIAL  SCIENCE  CONVENTION. 
At  the  meeting  of  the  Social  Science  Convention  at  Albany,  N.  Y.,  in 
February,  1869,  Dr.  Griscom  read  a  paper  in  which  the  merits  of  the  Howard 
Ventilator  were  fully  dwelt  on.  The  speaker  said  that  the  object  of  the  Ven- 
tilator was  seven  fold  :  1.  To  admit  air  at  all  times.  2-  To  cause  it  to  move 
transversely,  and  not  horizontally.  3.  To  diffuse  it  equally  into  all  parts  of  the 
apartment.  4.  To  prevent  suspended  organized  matter  from  passing  in  with, 
the  air.    5.  To  free  the  air  from  carbonic  acid  and  sulphuretted  hydrogen  gas 

6.  To  absorb  the  excess  of  aqueous  vapor  witli  which  the  air  may  be  surcharged. 

7.  To  prevent  drafts  in  the  admission  of  the  air. 
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ON  THE  VENTILATION  OF  PUBLIC  BUILDINGS. 


By  GENERAL  MORIN. 


The  renewal  of  air  in  buildings  is  only  rendered  necessary  by 
the  vitiation  resulting  from  the  respiration  and  exhalations  of  the 
occupants,  and  by  the  accumulation  of  the  products  of  combustion 
from  artificial  fighting;  and  the  writer  has  been  led  by  his  own 
observations  and  the  consideration  of  the  results  obtained  by 
others  to  the  following  conclusions  as  to  the  principles  on  which  the 
ventilation  of  buildings  should  be  based : — 

First — "Ventilation  consists  in  getting  rid  of  all  vitiated  air  and 
replacing  it  by  fresh  air. 

Secondly — The  principal  object  of  ventilation  is  to  get  rid  at 
once  of  all  vitiated  air.  It  ought  to  be  removed  in  general  from 
the  point  nearest  to  the  place  where  the  vitiation  takes  place, 
in  order  to  prevent  any  further  difiusion  into  the  room ;  and  on  the 
contrary  fresh  air  ought  to  be  introduced  at  the  point  furthest 
removed  from  the  occupants  of  the  room. 

Thirdly — The  different  arrangements  that  proceed  by  Suction, 
when  well  proportioned  and  well  carried  out,  are  more  effectual  than 
those  which  depend  exclusively  on  blowing  in  the  fresh  air,  as  the 
latter  do  not  in  every  instance  and  at  all  times  ensure  the  vitiated 
air  being  uniformly  and  continuously  expelled. 

FouHMy — The  quantity  of  fresh  air  required,  whatever  may  be 
the  height  from  which  it  has  to  be  drawn,  and  whatever  the  quantity, 
can  be  obtained  by  suction  alone,  and  without  the  aid  of  any  blowing 
apparatus,  by  giving  to  the  inlet  openings  for  the  fresh  air  sufficiently 
large  dimensions,  and  by  suitable  arrangement. 

Fifthly — Suction  can  easily  be  obtained  either  by  means  of  the 
ordinary  open  fireplaces  with  chimneys  or  similar  heating  apparatus, 
or  by  means  of  special  fireplaces  placed  at  the  bottom  of  the 
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exhausting  flues  and  acting  as  auxiliaries  when  the  rooms  are  large. 
The  air  to  be  removed  ought  to  flow  towards  the  bottom  of  these 
fireplaces,  and  wherever  possible  by  means  of  special  air  flues 
leading  from  openings  close  to  the  sources  of  vitiation. 

Sixthly — Ventilation  by  suction  by  means  of  fireplaces  and 
chimneys  can  be  adapted  to  the  proportions  and  arrangements  of  every 
kind  of  room,  as  it  resembles  the  ordinary  and  natural  ventilation  of 
rooms,  and  the  volume  and  temperature  of  the  fresh  air  supplied  can 
be  varied  as  required.  It  only  requires  the  construction  at  a  small 
expense  of  fireplaces  with  their  chimneys,  and  of  air  flues,  which 
when  once  constructed  cost  but  little  to  keep  up ;  and  also  the 
regular  feeding  of  the  fireplaces,  which  any  common  attendant  is 
competent  to  do.  On  the  contrary,  ventilation  by  means  of  blowing 
or  other  mechanical  apparatus  necessitates,  besides  the  flues  and 
chimneys  common  to  both  systems,  the  addition  of  blowing  machines 
and  engines  with  special  air  passages,  special  artisans,  engineers,  and 
firemen,  and  involves  an  extra  cost  for  keeping  up. 

Seventhly — In  hospitals  with  several  stories,  the  blowing-in 
system  does  not  afford  the  same  guarantee  as  that  of  suction 
against  the  diffusion  of  the  vitiated  air  from  one  room  to  another 
through  the  openings  of  the  discharging  flues,  when  it  happens  that 
the  pressure  and  movement  of  the  air  of  the  room  is  disturbed  by 
the  opening  of  doors  and  windows. 

Suction  produced  by  simple  fireplaces  and  chimneys,  with 
sufficient  area  of  opening  for  allowing  the  fresh  air  to  replace  the 
vitiated  air,  and  without  any  mechanical  apparatus,  is  consequently 
the  most  desirable  means  in  the  writer's  opinion  for  effecting  the 
ventilation  of  buildings,  except  in  rare  cases ;  and  where  special 
circumstances  may  necessitate  the  forcing  in  of  fresh  air  by 
mechanical  means,  the  action  of  a  strong  suction  should  also  be  added. 
This  necessity  never  occurs  in  buildings  where  a  continuous  supply  and 
removal  of  a  nearly  uniform  quantity  of  air  is  required,  but  only  when 
on  the  contrary  this  service  has  to  be  varied  frequently  between 
different  portions  of  the  same  building,  and  when  the  quantities  of  air 
to  be  removed  differ  greatly  from  one  day  or  from  one  hour  to  another  ; 
as  in  the  case  of  the  St.  George's  Hall,  Liverpool,  where  mechanical 
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ventilation  exclusively  is  adopted,  and  the  quantity  of  air  required 
varies  in  the  extreme  proportion  of  1  to  50.  In  such  cases  it  may 
become  necessary,  or  at  least  useful,  to  employ  mechanical  apparatus 
in  addition  to  the  action  of  suction,  in  order  to  ensure  a  sufficient 
supply  of  fresh  ah-. 


The  following  proportions  for  the  quantity  of  air  required  to  be 
supplied  per  hour  for  each  person  are  based  upon  the  results  of  a 
large  number  of  experiments  by  different  observers,  and  though 
higher  than  the  rates  formerly  adopted  are  not  in  the  writer's  opinion 
at  all  exaggerated  : — 


Hospitals  for  ordinary  patients 
Ditto,    in  cases  of  epidemic 

Workshops,  ordinary  trades 
Ditto,      unhealthy  trades 

Prisons 

Theatres  . 

Meeting  Halls  . 

Schools  for  Children 
Ditto,  Adults 


2000  to  2400  Cubic  Feet. 

5000 

2000 

3500 

1700 

1400  „  1700 
1000  „  2000 

400  „    500  „ 

800  „  1000 


The  temperature  of  the  air  in  places  abundantly  ventilated,  and 
having  a  continuous  renewal  of  the  air,  can  be  allowed  to  be  main- 
tained at  a  higher  point  than  in  rooms  not  well  ventilated ;  but  as  a 
general  rule  the  temperature  should  not  exceed,  in 

Hospitals       .       .       .       .  1    .       .       .       .  61°  to  64°  Fahr. 

Workshops,  Barracks,  and  Prisons  .    I   .       .       .  59°  ,, 

Schools   .  66°  „  68°  „ 

Meeting  Rooms   66°  „  72°  „ 

Theatres   68°  „  72°  „ 

The  fresh  air  supplied  should  be  at  nearly  the  same  temperature 
as  the  one  to  be  maintained  in  the  room  ;  but  this  has  to  be  increased 
to  as  high  as  85°  or  95°  Fahr.,  if  there  is  a  large  cooling  surface 
of  glass ;  or  to  be  diminished  where  the  room  is  heated  by  a  large 
number  of  lights  or  a  large  concourse  of  persons.  For  the  purpose 
of  regulating  the  temperature,  the  supplied  air,  warmed  by  some 
heating  apparatus,  has  to  be  received  first  into  a  chamber  into  which 
cold  air  can  be  introduced  for  mixing  with  it. 
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The  following  relations  between  the  volume  and  temperature  of 
the  air  and  the  areas  of  the  air  flues  have  been  obtained  from  theory 
and  practice  combined  : — 

V  =  0  V(T  -  T')  H 
Q  =  CA  -/(T  -  T')  H 


In  which  A  = 

sectional  area  of  the  exhausting  flue. 

H  = 

height  of  exhausting  flue. 

T  = 

average  temperature  of  air  in  flue. 

T'  = 

temperature  of  external  air. 

C  = 

coefficient,  constant  for  each  air  flue  as  regards  its 

proportions  and  arrangement. 

V  = 

average  velocity  of  air  in  the  flue. 

Q  = 

volume  of  air  passed  per  second. 

The  results  derived  from  these  relations  are  that  the  velocity  of 
the  escaping  current  is  proportional  to  the  square  root  of  the  excess 
of  the  temperature  of  the  heated  air  in  the  flue  over  the  external  air, 
and  also  to  the  square  root  of  the  height  of  the  flue  or  chimney ;  and 
the  volume  of  air  extracted  is  consequently  proportional  in  addition 
to  the  sectional  area  of  the  flue. 

The  position  of  the  openings  for  the  admission  and  removal  of 
the  air  is  a  point  of  great  importance ;  and  none  of  these  should  be 
made  at  the  level  of  the  floor,  as  is  too  often  the  case,  because  they 
are  then  exposed  to  obstruction  by  sweepings  and  rubbish  from  the 
floor.  The  openings  for  the  admission  of  fresh  ah',  whether  warm  or 
cold,  should  be  placed  near  the  ceiling,  or  at  such  a  height  that  no 
person  may  receive  the  impression  of  a  draught.  The  openings  for 
the  abstraction  of  the  air  should  on  the  contrary  be  placed  generally 
in  the  lower  part  of  the  room. 

The  velocity  of  the  air  should  continually  increase  through  the 
several  passages  of  the  building,  from  its  entrance  to  its  final 
discharge,  which  is  best  effected  by  the  use  of  a  single  shaft  for 
taking  off  the  air  from  the  whole  building ;  and  the  velocities  should 
be  about — 

2-  3  to  2*9  feet  per  second  at  the  entrance 

3-  3  „  3-9       „         „       in  the  first  passage 

4-  3  „  4-6       ,,         „       in  the  second  passage 

5-  9  „  6-6       „         „       in  the  discharging  shaft. 
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These  speeds  can  be  easily  ob  tamed  in  most  cases  by  an  excess  of 
35Q  to  45°  in  the  temperature  of  the  discharging  shaft  over  the 
external  ah,  except  in  the  case  of  theatres,  where  a  difference  of 
95°  to  105°  is  required,  on  account  of  the  comphcation  of  the 
passages.  With  the  supply  openings  in  the  ceiling,  so  that  the  air 
descends  vertically,  the  velocity  of  the  entering  current  should  not 
exceed  16  feet  per  second;  but  when  the  air  enters  at  the  sides  of 
the  room  at  a  considerable  height  the  velocity  may  be  as  high  as 
33  feet  per  second  without  causing  inconvenience.  The  plan  of 
ventilation  by  suction  has  been  objected  to  as  causing  objectionable 
draughts  of  ah"  when  doors  are  opened  communicating  with  the 
exterior ;  but  this  sensation  of  draughts  is  got  rid  of  when  suitable 
proportions  are  adopted,  and  when  care  is  taken  that  the  passages 
communicating  with  the  exterior  are  suitably  warmed.  The  ordinary 
chimneys  of  houses  produce  in  many  cases  a  sufficient  abstraction  of 
air  even  without  a  fire,  from  the  ordinary  difference  of  temperature 
between  the  internal  and  external  ah*;  and  this  ventilating  power 
can  easily  be  increased  by  introducing  into  the  chimney  a  vertical 
pipe  containing  a  few  gas  burners. 

An  example  of  the  application  to  a  large  building  of  the  principles 
of  ventilation  described  in  the  present  paper  is  shown  in  the 
accompanying  diagram,  Fig.  1,  which  represents  the  Public  Schools 
in  the  Rue  des  Petits  Hotels  in  Paris.  This  building  contains  an 
elementary  school  for  400  children,  and  a  drawing  school  for  270 
pupils.  The  ventilation  is  at  the  rate  of  350  cubic  feet  per  hour  per 
person,  and  the  warming  is  effected  by  two  heating  stoves  with 
vertical  tubes.  The  warmed  air  is  supphed  to  each  storey  by  three 
vertical  channels,  which  discharge  into  a  long  wide  passage  extending 
the  whole  length  of  the  rooms,  and  into  this  passage  external  cold 
air  can  be  admitted  to  regulate  the  temperature.  The  supply  of  ah* 
flows  into  the  rooms  horizontally  near  the  ceilings. 

The  rooms  of  the  drawing  school  are  open  at  night,  and  offer 
special  difficulties  in  ventilation,  from  the  large  number  of  gas  burners 
in  use.  The  plan  of  abstracting  the  vitiated  air  close  to  the  floor 
cannot  be  exclusively  applied  in  this  case,  as  it  would  cause  the 


6 


discomfort  of  pouring  down  air  of  85°  to  95°  temperature  upon  the 
heads  of  the  occupants.  It  is  necessary  therefore  in  this  case  to  allow 
the  heated  gases  from  the  combustion  of  the  lights  to  escape  through 
openings  in  the  ceiling,  but  at  the  same  time  fresh  air  is  made  to 
enter  at  the  sides  near  the  ceiling.  In  such  cases,  when  the  room 
has  not  attics  above  it  through  which  the  outlet  openings  in  the  ceiling 
can  discharge,  special  flues  are  required  to  be  made  for  this  purpose, 
and  these  should  be  situated  as  far  as  possible  from  the  points  where 
the  admission  of  fresh  air  takes  place.  By  means  of  this  plan  of 
ventilation  the  temperature  of  the  above  rooms  has  been  maintained 
until  10  o'clock  at  night  at  71°  at  a  height  of  5  feet  above  the 
floor,  and  at  an  average  of  75°  near  the  ceiling ;  but  before  this 
plan  was  adopted  these  temperatures  were  80°  and  91°  respectively. 

The  discharge  openings  should  be  made  along  both  of  the  longer 
sides  of  the  room,  and  should  be  as  numerous  as  possible,  and  their 
total  effective  area  should  be  such  as  to  limit  the  velocity  of  the  air 
passing  through  them  to  23  feet  per  second.  They  should  communicate 
with  descending  passages,  converging  below  into  a  main  discharge 
passage  leading  to  the  bottom  of  the  discharging  shaft.  The  chimney 
pipe  from  the  hot  ah'  stove  is  made  to  pass  up  this  shaft  for  assisting 
the  draught,  but  a  small  fire  at  the  bottom  of  the  shaft  is  also 
requisite. 

An  example  of  the  ventilation  of  a  large  meeting  room  is  shown 
in  Fig.  2,  which  represents  the  Lecture  Theatre  of  the  Conservatoire 
des  Arts  et  Metiers  (in  which  the  present  meeting  is  held)  and  in 
which  the  ventilation  arrangements  have  been  carried  out  by  the 
writer,  and  have  been  satisfactorily  working  for  the  last  four  years. 

The  vitiated  air  is  taken  off  through  orifices  made  in  the  risers  of 
the  steps,  opening  into  the  space  below  the  seats,  which  communicates 
by  an  outlet  passage  with  the  discharging  shaft ;  the  requisite  draught 
is  maintained  in  the  shaft  by  means  of  a  fire  at  the  bottom,  dampers 
being  placed  in  the  passage  to  moderate  the  current  of  the  ah'.  The 
supply  of  fresh  air  is  introduced  from  a  chamber  in  the  roof,  and 
enters  the  Lecture  Theatre  by  openings  distributed  over  the  surface 
of  the  ceiling. 
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In  such  bidlduigs  the  ventilation  should  provide  an  amount  of 
1000  cubic  feet  of  air  per  hour  for  each  person,  and  the  area  of 
openings  for  the  abstraction  of  the  vitiated  air  should  be  sufficient  to 
prevent  its  velocity  through  the  openings  exceeding  2  "3  to  2"6  feet  per 
second,  the  openings  being  distributed  as  uniformly  as  possible  over 
the  whole  of  the  steps.  The  velocity  of  the  air  in  the  outlet  passage 
should  not  exceed  3'9  feet  per  second,  and  the  velocity  in  the 
discharging  shaft  should  amount  to  6'6  feet  per  second  in  order  to 
ensure  the  stability  of  the  current. 

The  inlet  openings  for  supply  of  fresh  air,  when  situated  in  the 
ceiling,  should  have  such  an  area  as  to  allow  the  velocity  not  to-exceed 
1'6  feet  per  second ;  in  this  Lecture  Theatre,  where  the  total  quantity 
of  ah-  admitted  reaches  1 70  cubic  feet  per  second,  the  area  of  openings 
slightly  exceeds  the  above  proportion.  When  it  is  requisite  in  such 
places  for  the  inlet  openings  to  be  at  the  sides,  they  should  be  situated 
on  two  opposite  sides,  and  as  high  from  the  floor  as  practicable. 

The  air  introduced  for  ventilation  should  in  winter  have  a 
temperature  of  3|°  below  that  maintained  in  the  Lecture  Theatre, 
which  should  be  about  68°.  As  such  places  require  to  be  ventilated 
only  when  occupied,  it  is  necessary  to  have  the  means  of  waraiing 
them  by  special  orifices,  in  addition  to  those  which  supply  the 
ventilation. 

The  ventilation  of  a  large  theatre  is  illustrated  by  Fig.  3, 
representing  the  Theatre  Lyrique  in  Paris,  in  which  the  principle 
of  the  writer's  plan  of  ventilation  was  adopted;  but  this  was 
unfortunately  only  partially  carried  out  in  the  details,  so  that  the 
full  advantage  is  not  realised  in  the  results. 

The  number  of  seats  in  this  theatre  is  1470.  For  the  ventilation 
of  the  stage  and  its  dependencies,  special  means  have  to  be  applied 
by  an  auxiliary  discharge  flue  above  the  stage,  intended  for  use  when 
required  to  remove  any  large  quantities  of  smoke  from  extensive 
illuminations.  In  the  body  of  the  house,  where  the  maintenance  of 
a  constant  ample  ventilation  is  required,  there  should  be  a  supply  of 
fresh  air  of  1400  cubic  feet  per  hour  for  each  person,  with  the  means 
of  increasing  this  in  summer  to  2000  cubic  feet  per  hour.    It  is 
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important  for  the  supply  of  fresh  air  to  be  obtained  from  open 
spaces  or  gardens,  if  possible,  or  else  by  special  shafts  bringing  the 
air  from  a  point  above  the  buildings,  and  far  removed  from  the 
outlets  of  vitiated  air.  In  the  case  of  the  theatre  shown  in  the 
diagram,  the  inlet  for  fresh  air  is  made  in  the  square  of  the  Tour 
St.  Jacques,  by  means  of  a  well  11^  feet  diameter,  communicating  by 
a  tunnel  of  the  same  area  with  the  space  under  the  theatre  that  is 
occupied  by  the  warming  apparatus  and  the  mixing  air  chambers. 
The  velocity  of  the  current  in  the  inlet  passage  was  ascertained  to  be 
3'08  feet  per  second  in  a  special  examination  that  was  made  some  years 
since,  and  the  sectional  area  of  the  passage  being  97  square  feet,  the 
volume  of  fresh  air  admitted  amounted  to  300  cubic  feet  per  second, 
which  was  somewhat  in  excess  of  the  quantity  that  the  apparatus 
was  designed  to  supply.  This  area  of  inlet  however  has  subsequently 
been  allowed  to  be  contracted  considerably  by  the  growth  of  ivy 
at  the  entrance. 

The  admission  of  the  fresh  air  to  the  body  of  the  house  takes 
place  between  the  floor  joists  or  through  the  false  bottoms  made  under 
the  floors  of  each  of  the  rows  of  boxes  and  galleries,  as  shown  in  the 
diagi'am,  Fig.  3,  the  air  entering  horizontally  all  round  the  theatre 
through  these  spaces,  which  should  not  be  less  than  5  to  6  inches 
clear  height.  The  fresh  air  is  also  admitted  by  openings  from  about 
10  feet  height  in  the  vertical  walls  on  each  side  of  the  stage,  and  also 
by  auxiliary  channels  under  the  flooring  of  the  passages,  intended 
especially  for  extra  summer  ventilation,  and  controlled  by  valves. 
For  preventing  the  occurrence  of  unpleasant  draughts  upon  the 
opening  of  doors  into  the  exterior  passages,  these  passages  have  to 
be  warmed  to  a  temperature  of  about  68°,  and  inlets  of  warm 
air  are  provided  opposite  the  different  doors  in  the  passages. 

A  portion  of  the  air,  on  entering  by  the  main  inlet  passage,  is 
warmed  by  traversing  two,  sets  of  heating  apparatus  placed  in  the 
basement,  as  shown  in  the  diagram;  and  the  remainder  is  delivered  into 
mixing  chambers  for  regulating  the  temperature  of  the  air  supplied 
in  the  building.  The  area  of  passage  through  the  heating  apparatus 
is  -97  square  feet,  and  the  volume  of  warm  air  supplied  245  cubic  feet 
per  second,  giving  a  velocity  of  current  of  2-5  feet  per  second. 
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The  vitiated  air  is  taken  oft1  through,  numerous  openings  in  the 
lower  part  of  the  sides  of  the  boxes  and  passages,  and  in  the  risers  of 
the  steps  in  the  gallery,  each  box  or  pair  of  boxes  having  a  separate 
discharging  flue ;  and  the  total  area  of  these  openings  has  to  be  such 
as  to  allow  the  velocity  of  the  air  not  to  exceed  2" 3  to  2-6  feet  per 
second.  The  exhausting  flues  from,  the  several  tiers  of  boxes  are 
made  to  rise  towards  the  dome  above  the  chandelier,  those  from  the 
pit,  orchestra,  and  boxes  on  the  ground  tier,  being  carried  below  the 
floor  into  main  flues  leading  to  vertical  shafts,  as  shown  in  the  diagram ; 
and  the  area  of  these  exhausting  passages  should  be  such  as  to  give 
a  velocity  of  current  of  3"3  to  3-9  feet  per  second.  In  the  pit  and 
orchestra,  outlet  gratings  should  be  placed  all  round  the  sides,  and 
in  the  sides  of  the  air  passages  underneath  the  seats ;  these  outlets 
open  into  a  space  left  under  the  floor,  which  leads  to  the  main 
discharging  shaft  on  each  side,  this  space  being  divided  accordingly 
into  two  portions.  These  outlet  gratings  should  not  be  placed  in 
any  case  in  the  floor,  as  was  done  in  this  theatre,  contrary  to  the 
writer's  intention. 

The  cast-iron  chimney  pipes  from  the  heating  apparatus  are 
canned  up  the  exhausting  shafts  to  aid  the  draught,  the  pipes  being 
kept  isolated  throughout ;  and  a  small  firegrate  is  placed  at  the 
bottom  of  each  shaft,  for  use  when  extra  ventilation  is  required 
in  summer.  The  area  of  these  exhausting  shafts  is  required  to  be 
such  as  to  give  a  velocity  of  current  of  5'6  to  5'9  feet  per  second ; 
and  they  should  all  lead,  when  possible,  to  the  dome  over  the  centre 
of  the  theatre,  into  which  the  outlet  flues  from  the  upper  tiers  of 
boxes  also  discharge.  It  is  best  for  a  general  outlet  shaft  to  be 
built  of  brick  (not  metal)  above  this  dome,  and  to  be  carried  at  least 
20  or  25  feet  above  the  top,  the  area  of  this  shaft  being  such  as  to 
give  a  velocity  of  current  of  about  G"6  feet  per  second. 

A  series  of  experiments  on  the  ventilation  were  made  on  five 
successive  nights  in  May,  18C3,  with  the  external  temperature 
ranging  between  56°  and  74°;  and  the  result  obtained  was 
that  with  an  average  consumption  of  4  cwts.  of  coal  per  night, 
costing  7s.  to  8s.,  the  removal  of  1G6  cubic  feet  of  air  per  second 
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was  effected,  amounting  to  1400  cubic  feet  per  hour  per  seat 
of  the  pit  and  orchestra.  With  this  ventilation  the  temperature 
of  the  house  can  be  maintained  within  comfortable  limits ;  but  this 
extent  of  ventilation  is  unfortunately  not  employed,  as  the  intended  use 
of  the  two  large  exhausting  shafts  is  not  carried  out.  The  experiments 
made  at  the  same  time  on  the  ventilation  of  the  boxes  showed  that 
an  abstraction  of  377  cubic  feet  of  ah-  per  second  was  effected  by  the 
centre  shaft  over  the  dome,  amounting  to  1800  cubic  feet  per  hour  per 
seat.  The  actual  average  ventilation  for  the  whole  house  during 
the  five  evenings  was  found  to  be  1230  cubic  feet  per  hour  per  seat. 
By  this  uniform  ventilation  the  temperature  in  the  different  rows 
of  seats  was  maintained  most  remarkably  constant,  the  average 
temperatures  in  the  first  and  fourth  tiers  being  68°  and  70° 
respectively,  when  the  external  temperature  was  52°  ;  and  when  the 
latter  was  70°,  their  temperatures  were  78°  and  81°  respectively : 
in  other  large  theatres  however,  which  are  not  so  ventilated,  these 
temperatures  are  not  unfrequently  as  high  as  95°  to  105°. 

At  another  trial  in  November  1863,  when  the  external  temperature 
was  as  low  as  39°,  the  temperatures  within  the  house  were  found  to 
be  maintained  at 

66°  on  the  Stage. 

71°  in   „    Orchestra  Stalls. 

73°  „    „  Boxes. 

74°  „    „  Gallery. 

The  above  results  show  the  satisfactory  manner  in  which  the 
mode  of  ventilation  that  has  been  described  effects  the  objects 
intended ;  but  the  full  benefit  of  these  results  is  unfortunately  not 
received  in  the  present  case,  from  the  arrangements  being  only 
partially  carried  into  regular  use  ;  and  it  has  to  be  remarked  that 
however  perfect  the  ventilating  arrangements  may  be  in  the 
construction  of  a  building,  it  is  indispensable  that  the  working  of 
them  should  be  under  the  constant  charge  of  properly  qualified  and 
responsible  management,  in  order  to  ensure  the  desired  object  being 
systematically  attained. 
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PREFACE 


The  object  of  the  present  pamphlet  is  to  give  an 
explanation  of  the  phenomena  connected  with  Venti- 
lation, an  outline  of  the  efforts  which  have  been 
made  to  obtain  pure  air  in  places  where  human  beings 
and  domestic  animals  have  to  exist,  and  to  append 
a  description  of  a  simple  invention  by  which  this 
great  problem  is  solved,  and  the  circulation  of  the 
atmosphere  preserved  without  draughts,  in  all  seasons 
of  the  year,  no  matter  what  the  temperature  of  the 
room  may  be. 


VENTILATION, 


BY  A  NEW  SYSTEM. 


Before  entering  on  a  description  of  my  System  of 
Ventilation,  I  shall  venture  to  give  a  brief  history  and 
explanation  of  previous  plans,  in  order  to  show  that  it 
is  the  end  and  completion  of  all  the  appliances  which 
have  been  tried  to  admit  pure  air  into  enclosed  spaces 
of  every  description,  to  distribute  it  everywhere,  and 
eliminate  the  vitiated  air  without  exposing  the  inmates 
to  the  danger  of  getting  chills  and  colds. 

It  is  a  singular  fact  that  whilst  Architecture  made 
such  wonderful  progress  during  many  ages,  and  has 
left  monuments  of  its  grandeur  in  almost  every  country, 
Ventilation  seems  to  have  been  almost  entirely  over- 
looked until,  little  more  than  a  century  back,  it  forced 
itself  on  the  attention  of  mankind  by  plagues,  pesti- 
lences, and  fevers  of  every  kind  ;  but  at  last,  as  if  to 
show  how  every  member  of  society,  high  and  low,  are 
linked  inseparably  together,  the  gaols,  prisons  and 
convict-ships  became  the  eloquent  preachers  of  health 
to  the  English  nation.  These  places  were  so  unhealthy, 
that  most  of  those  who  had  not  become  regular  gaol- 
birds died  or  contracted  such  diseases  as  impaired  their 
constitutions  for  life.  Nor  was  this  all  ;  no  one  could 
come  near  them  without  danger  of  infection. 

It  had  long  been  known  that  the  sweating  sickness, 
which  continued  here  for  more  than  a  century,  had 
been  generated  in  the  ill-ventilated  ships  which  brought 
the  tatterdemalions  into  England  who  formed  the 
army  of  Henry  VII.  It  was  also  known  that  at  what 
is  called  the  Black  Assize,  which  was  held  at  Oxford 
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in  1'577,  although  most  of  the  prisoners  escaped  the 
epidemic,  all  other  persons  who  where  present  died  in 
forty-eight  hours — the  judge,  the  sheriff,  and  about 
three  hundred  others. 

Howard,  the  philanthropist,  was  greatly  shocked  by 
the  ravages  made  by  the  gaol-distemper,  which,  he 
says,  was  unknown  in  the  prisons  abroad  ;  and  Sir 
George  Paul,  of  Gloucester,  writing  about  the  same 
time,  and  probably  influenced  by  what  Howard  was 
doing,  shows  that  many  debtors  who  had  been  arrested 
for  very  trifling  sums  died  in  prison.  In  reference  to 
another  class  of  prisoners,  he  adds,  "  It  frequently 
happens  that  a  verdict  of  honourable  acquittal  is  an- 
nounced to  a  wretch  expiring  in  the  agonies  of  a  pesti- 
lential disease."  At  Taunton,  in  1730,  some  of  the 
prisoners  infected  the  Court  with  the  malaria  they  had 
brought  from  their  cells,  so  that  the  judge,  the  sheriff, 
a  Serjeant,  and  more  than  a  hundred  others  died. 

Again,  at  the  Old  Bailey  in  1750,  a  noisome  smell 
was  preceived  in  court  by  many  who  were  present,  and 
within  a  week  a  number  were  seized  with  a  malignant 
fever.  The  Lord  Mayor,  Sir  Samuel  Penant,  two 
judges,  a  baron  of  the  Exchequer,  an  alderman,  an 
under-sheriff,  a  barrister,  some  of  the  jurymen,  and 
forty  of  the  spectators  died. 

About  the  same  time  also,  Dr.  Lynd,  in  his  "Essay 
on  the  Health  of  Seamen,"  asserts  that  the  fleet  was 
infected  from  the  gaols,  and  that  the  ships  lately  sent 
to  America  lost  two  thousand  men  in  consequence.  It 
thus  became  clear  that  something  must  be  done  to 
render  the  gaols  more  healthy ;  and  hence  the  first 
efforts  to  ventilate  them. 

And  did  we  not  know  how  utterly  the  study  of 
Nature  had  been  neglected,  it  would  appear  singularly 
strange  that  such  terrible  lessons  as  these  should  have 
been  needed  to  teach  people  the  simple  laws  of  health  ; 
but  this  ignorance  was  common  to  all,  the  medical 
faculty  included. 
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The  harvest  of  death  was  reaped  for  centuries  be- 
cause people  were  ignorant  of  the  nature  of  the  atmos- 
phere in  which  they  lived  and  had  their  being ;  they 
were  if  possible  still  more  ignorant  of  respiration,  the 
action  of  the  air  on  the  lungs,  and  the  changes  which 
it  effects  in  the  blood,  which  is  the  very  life  and  foun- 
dation of  the  animal  kingdom. 

That  a  pure  Atmosphere  is  of  vital  importance  to  all 
must  be  evident  when  we  think  that  respiration  is 
rapid,  constant,  incessant  from  the  cradle  to  the  grave  : 
upon  the  quality  of  the  air  men  and  animals  breathe 
depends  the  condition  of  their  health  ;  and  if  vitiated 
atmosphere  is  breathed,  or  air  deficient  in  oxygen,  the 
consequences  are  not  only  injurious,  but  often  destruc- 
tive of  human  life. 

Having  premised  thus  much  as  the  basis  for  a  proper, 
rational,  and,  if  the  term  may  be  used,  natural  system 
of  Ventilation,  it  was  necessary  to  study  not  only  the 
laws  which  regulate  the  distribution  of  the  atmospheric 
currents,  but  also  what  had  been  done  by  others,  and 
what  success  had  been  obtained  by  them. 

The  difficulties  which  beset  early  experimentalists  in 
Ventilation  were  how  to  get  pure  air  to  the  spot  where 
it  was  required  in  quantities  sufficient  to  maintain 
the  equilibrium  of  the  atmosphere,  an  elimination  or 
discharge  of  the  vitiated  air,  and  to  conduct  this  puri- 
fying process  on  a  self-regulating  plan,  without  draught. 

It  is  not  a  little  singular  that  the  first  systematic 
efforts  towards  ventilating  buildings  were  not  made 
for  the  preservation  of  human  beings.  Gaols,  hospitals, 
factories,-  and  private  houses  were  in  the  miserable 
state  we  have  indicated,  and  no  one  we  are  aware  of 
ever  thought  of  purifying  them.  In  France,  however, 
it  was  found  that  the  silkworm  did  not  thrive  in  ill- 
ventilated  rooms  ;  and  hence  efforts  were  made  to 
ventilate  the  places  in  which  they  were  bred.  The 
great  improvement  which  took  place  immediately  in 
the  health  of  the  insects  very  soon  led  to  the  adoption 
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of  the  plan  in  places  where  crowded  assemblies  of 
human  beings  had  to  meet. 

Space  will  not  permit  a  description  of  the  plans  and 
inventions  which  followed  that  of  Dr.  Hales  for  forcing 
air  to  where  it  was  required  by  bellows.  We  may, 
however,  state  that  up  to  the  present  time  all  the  at- 
tempts which  had  been  made  may  be  classed  under 
three  heads.  1.  Ventilation  by  apertures  in  the  ceiling 
or  walls,  which  have  been  differently  placed  by  experi- 
mentalists. 2.  Ventilating  by  means  of  pumps,  fans, 
and  bellows,  variously  placed  and  constructed  ;  and  3. 
Ventilation  by  means  of  fires  so  placed  as  to  keep  up  a 
constant  flow  of  air  through  shafts  or  tubes.  These 
plans  have  of  course  all  had  their  advocates,  but  it  is 
hardly  too  much  to  state  that  they  have  all,  more  or 
less,  signally  failed. 

A  word  or  two  on  the  cause  of  these  failures  will 
show  clearly  that  my  Patented  plan  (for  which  a  fourth 
place  may  be  claimed)  of  Ventilating  by  means  of  the 
cornices  of  rooms,  combines  all  the  advantages  which 
can  be  derived  from  any  of  the  others,  and  supplies 
the  benefit  which  they  failed  to  produce. 

Firstly  then  the  apertures  in  walls  and  ceilings 
failed  when  two  kinds  of  air,  viz.,  hot  and  cold,  passed 
through  the  same  openings,  because  the  rushing  in  of 
cold  air  stopped  the  exit  of  vitiated  air  and  drove 
it  back  injuriously  into  the  room  ;  and  where  cold  air 
was  let  into  the  lower  part  of  a  room,  it  rushed  to  the 
openings  above,  thereby  creating  draughts.  The  plans 
for  ventilating  by  pumps,  fans,  or  bellows  have  all  been 
unsatisfactory,  from  their  requiring  machinery  with 
special  arrangements  and  superintendence,  and  also 
from  their  costliness. 

The  objections  I  have  stated  to  apertures  are  equally 
applicable  to  the  method  of  ventilating  by  fires.  Create 
strong  air-currents  by  any  means,  and  you  at  once  en- 
danger the  health  of  all  who  come  near  them. 

The  upper  part  of  the  room  is  the  proper  place  for 
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the  admission  of  fresh  air.  By  this  means  the  cold 
air  enters  at  a  distance  from  the  occupants,  becomes 
warm  in  descending,  and  produces  no  draught  when 
admitted  by  a  strip  of  gauze  at  the  back  of  the  lowest 
part  of  the  cornice. 

Although  the  upper  part  of  rooms,  and  the  cornice 
have  been  employed  by  others  for  ventilation,  my  system 
differs  from  all  previous  ones  in  the  use  of  two  distinct 
passages  in  the  cornice,  one  for  the  escape  of  the  hot, 
the  other  for  the  admission  of  the  fresh  air. 

The  nearest  approach  to  my  plan  in  its  main  features, 
though  it  was  quite  unknown  to  me  till  my  invention 
was  complete,  was  that  discovered  by  a  celebrated 
German  physician,  Dr.  Bachrich,  who  saw  the  import- 
ance of  separating  the  two  kinds  of  air  ;  and  this  he 
effected  by  placing  two  canvas  bags  in  atmospheric 
connection  with  each  bed  in  the  fever  wards  of  a 
hospital.  They  communicated  with  an  inlet  and  an 
outlet  at  the  upper  part  of  the  room,  and  respectively 
held  pure  and  vitiated  air.  Of  course  such  a  plan 
would  be  very  obstructive  and  objectionable  anywhere, 
but  totally  inapplicable  in  ordinary  rooms.  My  plan 
of  making  the  cornice  of  rooms  the  entire  seat  of  the 
ventilating  process  is  unobjectionable  in  appearance, 
and  does  not  interfere  with  other  arrangements  ;  and 
in  fact  introduces  no  change  in  the  aspect  of  a  room. 

For  forming  my  Patent  Cornice,  I  have  had  recourse 
to  metal  (by  preference  Zinc  or  Tin)  from  its  possessing 
many  advantages  over  any  other  substance.  Metal  is 
easily  moulded  into  any  form,  may  be  painted,  gilt,  or 
decorated  in  any  way  ;  it  can  be  washed,  cleansed, 
and  renovated.  The  plan  for  fixing  these  metal 
cornices  will  allow  of  then  being  taken  down  at  any 
time,  and  the  mode  offers  advantages  which  will  be 
easily  seen  and  appreciated.  Besides,  metal  cornices 
are  cheaper  than  the  ordinary  plaster  cornices,  and  a 
greater  variety  of  brilliant  effects  can  be  produced 
in  them  than  has  been  before  attained  ;  but  plaster  can 
be  used  if  preferred. 
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By  dividing  the  cornice  about  the  middle,  longitu- 
dinally, we  have  complete  and  separate  air-chambers 
for  the  two  kinds  of  air  we  have  to  deal  with.  That 
which  has  to  be  taken  from  the  atmosphere  without, 
by  occupying  the  lowest  chamber  in  the  cornice, 
forms  a  fount  in  every  room  of  'pure  air,  which  will 
enter  through  the  gauze  without  draught,  in  the  pro- 
portion required  by  the  rarefaction  in  the  air  of  the 
lower  part  of  the  room.  It  will  thus  be  seen  that 
the  plan  is  self-regulating  ;  natural  laws  are  made  use 
of  for  supplying  the  purifying  means,  while  the  course 
of  the  denser  cold  air  down  the  line  of  the  walls  will 
expedite  the  discharge  of  the  lighter  and  vitiated  air, 
which  will,  by  its  tendency  to  ascend,  pass  out  of  the 
room  through  the  ornamental  perforations  in  the 
highest  members  of  the  cornice  into  the  chimney  or 
any  other  flue.  Thus  a  continuous  circulation  and 
change  of  air  will  be  kept  up  without  any  excrescence, 
indeed,  by  beautifying  the  room,  and  all  the  advantages 
be  gained  which  Dr.  Bachrich  procured  for  his  hospitals, 
without  his  unsightly  appliances. 

The  valves  at  the  entrance  and  exit  passages  are  by 
cords  completely  control  able,  instantly  either  opened 
or  closed,  and  the  admission  of  cold  air  can  be  regu- 
lated to  the  nicest  requirement. 

As  for  health  the  ventilation  of  bedrooms  is  really 
of  great  importance,  I  recommend  for  the  admission  of 
pure  air  two  valves  in  each  room,  one  for  the  admission 
of  cold  air  from  without,  which  can  be  closed  in  the 
evening,  or  when  desired,  by  merely  drawing  a  cord 
fixed  to  a  pulley  on  the  wall  and  acting  on  the  valve 
door,  and  then  obtaining  the  desired  change  of  air  by 
opening  the  valve  communicating  with  the  hall,  which 
should  have  sufficient  valves  in  it  to  make  it  a  great 
reservoir  for  containing  the  desired  quantity  of  pure 
air. 

The  valve  at  the  exit-passage  to  the  hot-air  flue 
should  be  left  open  as  a  general  rule,  but  it  can  be 
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closed  instantly  if  gusts  come  downwards,  though 
the  arrangement  by  ivhich  the  perforations  in  the 
cornice  are  closed  on  each  side  beyond  the  valve  ivill 
prevent  in  all  cases  any  unpleasant  effects. 

Experiments  show  that  though  the  Ventilating 
Cornice  secures  the  freshness  peculiar  to  the  external 
air,  the  temperature  is  not  lowered  as  compared  with 
that  of  unventilated  rooms  under  the  same  circum- 
stances. 

If  any  proof  were  needed  of  the  advantage  result- 
ing from  the  constant  egress  of  vitiated  air,  we  have 
only  to  visit  a  badly-ventilated  church  or  public  room 
the  clay  after  it  has  been  occupied  by  a  large  audience, 
when  we  shall  find  that  the  walls  are  still  giving  out 
the  faint,  sickly,  disagreeable  gases  which  they  absorbed 
when  previously  occupied  ;  and  although  a  writer  in 
the  Builder  may  have  rather  overstated  the  case  in 
asserting  that  the  congregation  of  a  badly -ventilated 
church  frequently  breathe  the  heavy  atmosphere  left 
by  that  of  the  previous  Sunday,  still  there  is  an  im- 
portant fact  at  the  bottom  of  the  observation — the 
foul  air  long  hangs  about  the  building  and  poisons  all 
who  come  into  contact  with  it.  This  is  why  infected 
ships  and  houses  have  to  be  scrubbed,  cleansed,  and 
fumigated  before  they  become  safe  places  of  abode. 

After  this  general  survey  of  the  subject  of  Ventila- 
tion, at  the  risk  of  a  little  repetition,  I  may  be 
pardoned  for  enumerating  the  special  advantages 
which  belong  to  this  system  ;  they  may  be  stated 
thus  : — 

The  air  is  taken  from  the  highest  attainable  point. 
This  is  a  matter  of  the  greatest  importance,  espe- 
cially in  large  towns,  where  all  kinds  of  impurities 
abound,  which  are  ever  generating  volumes  of  miasma  ; 
and  the  air  can  be  thoroughly  filtered  before  it  enters 
the  room  by  covering  the  air-entrances  to  the  valves  in 
the  walls  with  a  plate  of  metallic  gauze,  which  will 
exclude  blacks  and  other  impurities.     When  it  is 
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desirable  to  still  more  filter  the  air  in  sick-rooms 
or  hospitals,  a  lining  to  the  air-entrances  of  horsehair 
matting  can  be  added  ;  but  the  air  can  be  ridded 
chemically  of  any  unwholesome  parts  by  placing  in 
the  wall-thickness  of  the  valve  entrances  pieces  of 
charcoal,  which  will  chemically  absorb  any  deleterious 
matter ;  thus  giving  to  invalids  or  delicate  persons 
every  advantage  derivable  from  an  adequate  supply  of 
fresh  and  pure  air,  which,  coming  into  the  room  many 
feet  above  persons'  heads,  and  without  draught,  as 
before  explained,  will  thus  prevent  the  risk  resulting 
from  open  doors  or  windows ;  the  air  will  be  equally 
diffused  in  the  room,  from  the  natural  tendency  existing 
to  equalize  temperatures  when  differing  atmospheres 
meet. 

Perhaps  one  of  the  most  conspicuous  benefits  sup- 
plied by  my  system  of  Ventilation  is  the  removal 
of  every  evil  attendant  on  burning  gas.  So  seriously 
injurious  to  health  and  property,  so  greatly  tending 
to  colds,  have  been  the  great  heat,  the  large  absorp- 
tion of  oxygen,  and  the  poisonous  gases  diffused 
into  shops,  rooms,  and  all  enclosed  places,  by  the 
burning  of  gas,  that  its  use  has  been  kept  up 
mainly  by  its  brilliance,  economy,  and  convenience, 
though  at  a  very  serious,  yet  often  untraced  sacrifice  of 
the  property,  comfort,  and  health  of  the  inmates ;  but 
where  a  room  is  ventilated  by  my  cornice,  an  impure 
atmosphere,  or  one  deficient  in  oxygen,  is  simply  im- 
possible, as  the  heat  and  vitiated  air  are  draughted 
away  into  the  flue  of  the  chimney  by  the  current  in 
the  cornice  ;  and  the  influx  of  pure  air  will  be  in 
proportion  to  the  want  of  it,  that  is,  to  the  difference 
between  the  temperature  in  the  room  and  that  of  the 
external  air.  Such  are  the  advantages  ensured  by  my 
method  of  Ventilation ;  hence  my  claim  to  having 
formed  a  perfect  system,  by  supplying  a  simple  and 
inexpensive,  as  well,  as  ornamental  addition  to  every 
room,  which  attains  the  end  that  all  experimentalists 
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in  Ventilation  have  been  straining  to  accomplish.  The 
plan  is  also  most  valuable  for  ventilating  stables,  cattle- 
sheds,  ships,  railway-carriages,  &c,  in  short,  it  ensures 
pure  air  in  any  enclosed  place. 

I  anticipate  that  society  at  large  will  direct 
most  positive  attention  to  the  subject  of  adequate 
Ventilation  everywhere,  when  the  purifying  influence 
on  the  air  of  my  ventilating  cornice  comes  under 
public  observation,  for  I  am  supported  by  eminent 
medical  authority  in  stating  that  in  countless  cases 
of  patients  suffering  from  debility,  the  aid  of  a 
pure  and  constantly  changing  atmosphere  will  be  of 
inestimable  assistance  to  the  medical  practitioner. 

And  I,  with  equal  confidence,  assert  that  the  gene- 
ral experience  of  the  owners  of  horses  and  other  valu- 
able animals  will  support  my  statement :  that  they 
frequently  perish  or  become  diseased  by  being  kept  in 
unventilated  buildings,  as  was  unpleasantly  evidenced 
to  myself  some  years  back,  by  my  having  the  eyes  of 
a  valuable  young  horse  irrecoverably  diseased,  from 
his  being  placed  in  a  close,  unhealthy  stable,  during  a 
single  night. 

Although  the  invention  has  been  but  a  short  time 
before  the  public, — indeed  at  present  only  few  have 
seen  or  heard  of  it,  still  it  is  gratifying  to  know  that 
they  who  are  cognisant  of  it,  and  especially  those  most 
competent  to  form  a  judgment  on  its  merits,  give  to 
the  plan  their  most  hearty  commendation. 

And  the  public  will  learn  with  interest  that  the  cost 
of  the  ventilating  cornice  will  be  little  more  ( though 
ornamental  and  far  more  agreeable  in  effect,)  than 
an  ordinary  plaster  cornice,  and  less  in  cost  than  a 
ventilating  plaster  cornice,  while  old  plaster  cornices 
can  be  altered,  either  when  they  are  of  small  dimen- 
sions by  encasing  them  with  a  metallic  cornice  to  leave 
the  necessary  air  channels,  or  by  removing  the  upper 
and  lower  plaster  members  (only),  and  adding  the 
respective  air  channels  in  metal. 
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Where  architects  prefer  to  use  plaster  for  cornices 
the  plan  can  be  adopted  by  the  usual  mode  of  wood- 
framing. 

A  few  clays  since  an  able  pamphlet  was  published  by 
one  of  the  competitors  for  the  erection  of  the  new 
Law  Courts,  in  the  form' of  a  letter  addressed  to  the 
Chief  Commissioner  of  Works  and  Buildings.  This 
Architect  is  impressed  with  the  value  of  my  invention, 
and  states  thus  in  a  letter  to  me  : — 

London,  1,  New  Inn, 
June  1,  1868. 
Dear  Sir, — I  have  made  a  careful  examination  of 
your  ventilating  cornice,  and  am  fully  persuaded  that 
it  is  a  most  valuable  invention.  It  is  indeed  the  com- 
pletion of  what  I  have  been  striving  after  in  the  plans 
which  I  adopted  in  the  erection  of  the  Barracks,  near 
Buckingham  Palace,  and  in  other  large  public  buildings. 

I  have  just  completed  a  set  of  designs  for  a 
new  Convalescent  Hospital,  which  will  cost  at  least 
£300,000,  and  I  shall  use  your  cornice  in  every  room 
in  it.  I  shall  also  adopt  it  in  a  number  of  houses 
which  are  now  being  erected  under  my  supervision, 
and  shall  recommend  it  everywhere. 

Yours  truly, 
(Signed)       John  Dale,  Architect. 
Mr.  William  Pott.s, 
Handsworth. 

I  am  arranging  for  the  exclusive  distribution  or 
fixing  of  the  Patent  Ventilating  Cornice  in  Great 
Britain  and  Ireland,  and  for  supplying  it  to  the  Foreign 
Trade  by  an  eminent  London  house.  The  address  of 
this  Firm  will  soon  be  announced  by  advertisement, 
till  that  announcement  is  made  communications  can 
be  addressed  to  me. 


I  cannot  conclude  this  description  without  express- 
ing my  best  thanks  to  a  Medical  gentleman,  of 
London,  whose  earnest  approval  of  my  plan  for  venti- 
lating, induced,  him  to  give  me  a  description  of  the 
many  previous  unsuccessful  efforts  to  supply  a  plan 
for  keeping  a  pure  and.  healthy  atmosphere  in  enclosed 
spaces. 

William  Potts. 

New  Inn  Hall, 

Hands  worth,  near  Birmingham. 


P.S. — Below  is  a  diagram  showing-  a  section  of 
Patent  Cornice. 

The  dotted  lines  mark  the  spaces  through  which 
pass  the  two  kinds  of  air,  viz : — the  heated  air  from 
the  room  into  the  flue — the  cold  ah'  from  the  opening 
in  the  wall  into  the  room. 


!  VITIATED  AIR 
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PREFACE 


The  object  of  the  present  pamphlet  is  to  give  an 
explanation  of  the  phenomena  connected  with  Venti- 
lation, an  outline  of  the  efforts  which  have  been 
made  to  obtain  pure  air  in  places  where  human  beings 
and  domestic  animals  have  to  exist,  and  to  append 
a  description  of  a  simple  invention  by  which  this 
great  problem  is  solved,  and  the  circulation  of  the 
atmosphere  preserved  without  draughts,  in  all  seasons 
of  the  year,  no  matter  what  the  temperature  of  the 
room  may  be. 


VENTILATION, 


BY  A  NEW  SYSTEM. 


Before  entering  on  a  description  of  my  System  of 
Ventilation,  I  shall  venture  to  give  a  brief  history  and 
explanation  of  previous  plans,  in  order  to  show  that  it 
is  the  end  and  completion  of  all  the  appliances  which 
have  been  tried  to  admit  pure  air  into  enclosed  spaces 
of  every  description,  to  distribute  it  everywhere,  and 
eliminate  the  vitiated  air  without  exposing  the  inmates 
to  the  danger  of  getting  chills  and  colds. 

It  is  a  singular  fact  that  whilst  Architecture  made 
such  wonderful  progress  during  many  ages,  and  has 
left  monuments  of  its  grandeur  in  almost  every  country, 
Ventilation  seems  to  have  been  almost  entirely  over- 
looked until,  little  more  than  a  century  back,  it  forced 
itself  on  the  attention  of  mankind  by  plagues,  pesti- 
lences, and  fevers  of  every  kind  ;  but  at  last,  as  if  to 
show  how  every  member  of  society,  high  and  low,  are 
linked  inseparably  together,  the  gaols,  prisons  and 
convict-ships  became  the  eloquent  preachers  of  health 
to  the  English  nation.  These  places  were  so  unhealthy, 
that  most  of  those  who  had  not  become  regular  gaol- 
birds died  or  contracted  such  diseases  as  impaired  their 
constitutions  for  life.  Nor  was  this  all ;  no  one  could 
come  near  them  without  danger  of  infection. 

It  had  long  been  known  that  the  sweating  sickness, 
which  continued  here  for  more  than  a  century,  had 
been  generated  in  the  ill-ventilated  ships  which  brought 
the  tatterdemalions  into  England  who  formed  the 
army  of  Henry  VII.  It  was  also  known  that  at  what 
is  called  the  Black  'Assize,  which  was  held  at  Oxford 
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of  the  plan  in  places  where  crowded  assemblies  of 
human  beings  had  to  meet. 

Space  will  not  permit  a  description  of  the  plans  and 
inventions  which  followed  that  of  Dr.  Hales  for  forcing 
air  to  where  it  was  required  by  belloAVs.  We  may, 
however,  state  that  up  to  the  present  time  all  the  at- 
tempts which  had  been  made  may  be  classed  under 
three  heads.  1.  Ventilation  by  apertures  in  the  ceiling 
or  walls,  which  have  been  differently  placed  by  experi- 
mentalists. 2.  Ventilating  by  means  of  pumps,  fans, 
and  bellows,  variously  placed  and  constructed  ;  and  3. 
Ventilation  by  means  of  fires  so  placed  as  to  keep  up  a 
constant  flow  of  air  through  shafts  or  tubes.  These 
plans  have  of  course  all  had  their  advocates,  but  it  is 
hardly  too  much  to  state  that  they  have  all,  more  or 
less,  signally  failed. 

A  word  or  two  on  the  cause  of  these  failures  will 
show  clearly  that  my  Patented  plan  (for  which  a  fourth 
place  may  be  claimed)  of  Ventilating  by  means  of  the 
cornices  of  rooms,  combines  all  the  advantages  which 
can  be  derived  from  any  of  the  others,  and  supplies 
the  benefit  which  they  failed  to  produce. 

Firstly  then  the  apertures  in  walls  and  ceilings 
failed  when  two  kinds  of  air,  viz.,  hot  and  cold,  passed 
through  the  same  openings,  because  the  rushing  in  of 
cold  air  stopped  the  exit  of  vitiated  air  and  drove 
it  back  injuriously  into  the  room  ;  and  where  cold  air 
was  let  into  the  lower  part  of  a  room,  it  rushed  to  the 
openings  above,  thereby  creating  draughts.  The  plans 
for  ventilating  by  pumps,  fans,  or  bellows  have  all  been 
unsatisfactory,  from  their  requiring  machinery  with 
special  arrangements  anoj.  superintendence,  and  also 
from  their  costliness. 

The  objections  I  have  stated  to  apertures  are  equally 
applicable  to  the  method  of  ventilating  by  fires.  Create 
strong  air-currents  by  any  means,  and  you  at  once  en- 
danger the  health  of  all  who  come  near  them. 

The  upper  part  of  the  room  is  the  proper  place  for 
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the  admission  of  fresh  air.  By  this  means  the  cold 
air  enters  at  a  distance  from  the  occupants,  becomes 
warm  in  descending,  and  produces  no  draught  when 
admitted  by  a  strip  of  gauze  at  the  back  of  the  lowest 
part  of  the  cornice. 

Although  the  upper  part  of  rooms,  and  the  cornice 
have  been  employed  by  others  for  ventilation,  my  system 
differs  from  all  previous  ones  in  the  use  of  two  distinct 
passages  in  the  cornice,  one  for  the  escape  of  the  hot, 
the  other  for  the  admission  of  the  fresh  air. 

The  nearest  approach  to  my  plan  in  its  main  features, 
though  it  was  quite  unknown  to  me  till  my  invention 
was  complete,  was  that  discovered  by  a  celebrated 
German  physician,  Dr.  Bachrich,  who  saw  the  import- 
ance of  separating  the  two  kinds  of  air  ;  and  this  he 
effected  by  placing  two  canvas  bags  in  atmospheric 
connection  with  each  bed  in  the  fever  wards  of  a 
hospital.  They  communicated  with  an  inlet  and  an 
outlet  at  the  upper  part  of  the  room,  and  respectively 
held  pure  and  vitiated  air.  Of  course  such  a  plan 
would  be  very  obstructive  and  objectionable  anywhere, 
but  totally  inapplicable  in  ordinary  rooms.  My  plan 
of  making  the  cornice  of  rooms  the  entire  seat  of  the 
ventilating  process  is  unobjectionable  in  appearance, 
and  does  not  interfere  with  other  arrangements  ;  and 
in  fact  introduces  no  change  in  the  aspect  of  a  room. 

For  forming  my  Patent  Cornice,  I  have  had  recourse 
to  metal  (by  preference  Zinc  or  Tin)  from  its  possessing 
many  advantages  over  any  other  substance.  Metal  is 
easily  moulded  into  any  form,  may  be  painted,  gilt,  or 
decorated  in  any  way  ;  it  can  be  washed,  cleansed, 
and  renovated.  The  plaii>  for  fixing  these  metal 
cornices  will  allow  of  then  being  taken  down  at  any 
time,  and  the  mode  offers  advantages  Avhich  will  be 
easily  seen  and  appreciated.  Besides,  metal  cornices 
are  cheaper  than  the  ordinary  plaster  cornices,  and  a 
greater  variety  of  brilliant  effects  can  be  produced 
in  them  than  has  been  before  attained  ;  but  plaster  can 
be  used  if  preferred. 
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By  dividing  the  cornice  about  the  middle,  longitu- 
dinally, we  have  complete  and  separate  air-chambers 
for  the  two  kinds  of  air  we  have  to  deal  with.  That 
which  has  to  be  taken  from  the  atmosphere  without, 
by  occupying  the  lowest  chamber  in  the  cornice, 
forms  a  fount  in  every  room  of  pure  air,  which  will 
enter  through  the  gauze  without  draught,  in  the  pro- 
portion required  by  the  rarefaction  in  the  air  of  the 
lower  part  of  the  room.  It  will  thus  be  seen  that 
the  plan  is  self-regulating  ;  natural  laws  are  made  use 
of  for  supplying  the  purifying  means,  while  the  course 
of  the  denser  cold  air  down  the  line  of  the  walls  will 
expedite  the  discharge  of  the  lighter  and  vitiated  air, 
which  will,  by  its  tendency  to  ascend,  pass  out  of  the 
room  through  the  ornamental  perforations  in  the 
highest  members  of  the  cornice  into  the  chimney  or 
any  other  flue.  Thus  a  continuous  circulation  and 
change  of  air  will  be  kept  up  without  any  excrescence, 
indeed,  by  beautifying  the  room,  and  all  the  advantages 
be  gained  which  Dr.  Bachrich  procured  for  his  hospitals, 
without  his  unsightly  appliances. 

The  valves  at  the  entrance  and  exit  passages  are  by 
cords  completely  controlable,  instantly  either  opened 
or  closed,  and  the  admission  of  cold  air  can  be  regu- 
lated to  the  nicest  requirement. 

As  for  health  the  ventilation  of  bedrooms  is  really 
of  great  importance,  I  recommend  for  the  admission  of 
pure  air  two  valves  in  each  room,  one  for  the  admission 
of  cold  air  from  without,  which  can  be  closed  in  the 
evening,  or  when  desired,  by  merely  drawing  a  cord 
fixed  to  a  pulley  on  the  wall  and  acting  on  the  valve 
door,  and  then  obtaining  the  desired  change  of  air  by 
opening  the  valve  communicating  with  the  hall,  which 
should  have  sufficient  valves  in  it  to  make  it  a  great 
reservoir  for  containing  the  desired  quantity  of  pure 
air. 

The  valve  at  the  exit-passage  to  the  hot-air  flue 
should  be  left  open  as  a  general  rule,  but  it  can  be 
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closed  instantly  if  gusts  come  downwards,  though 
the  arrangement  by  which  the  perforations  in  the 
cornice  are  closed  on  each  side  beyond  the  valve  will 
prevent  in  all  cases  any  unpleasant  effects.  . 

Experiments  show  that  though  the  Ventilating 
Cornice  secures  the  freshness  peculiar  to  the  external 
air,  the  temperature  is  not  lowered  as  compared  with 
that  of  unventilated  rooms  under  the  same  circum- 
stances. 

If  any  proof  were  needed  of  the  advantage  result- 
ing from  the  constant  egress  of  vitiated  air,  we  have 
only  to  visit  a  badly-ventilated  church  or  public  room 
the  day  after  it  has  been  occupied  by  a  large  audience, 
when  we  shall  find  that  the  walls  are  still  giving  out 
the  faint,  sickly,  disagreeable  gases  which  they  absorbed 
when  previously  occupied  ;  and  although  a  writer  in 
the  Builder  may  have  rather  overstated  the  case  in 
asserting  that  the  congregation  of  a  badly-ventilated 
church  frequently  breathe  the  heavy  atmosphere  left 
by  that  of  the  previous  Sunday,  still  there  is  an  im- 
portant fact  at  the  bottom  of  the  observation — the 
foul  air  long  hangs  about  the  building  and  poisons  all 
who  come  into  contact  with  it.  This  is  why  infected 
ships  and  houses  have  to  be  scrubbed,  cleansed,  and 
fumigated  before  they  become  safe  places  of  abode. 

After  this  general  survey  of  the  subject  of  Ventila- 
tion, at  the  risk  of  a  little  repetition,  I  may  be 
pardoned  for  enumerating  the  special  advantages 
which  belong  to  this  system  ;  they  may  be  stated 
thus  : — 

The  air  is  taken  from  the  highest  attainable  point. 
This  is  a  matter  of  the  greatest  importance,  espe- 
cially in  large  towns,  where  all  kinds  of  impurities 
abound,  which  are  ever  generating  volumes  of  miasma  ; 
and  the  air  can  be  thoroughly  filtered  before  it  enters 
the  room  by  covering  the  air-entrances  to  the  valves  in 
the  walls  with  a  plate  of  metallic  gauze,  which  will 
exclude  blacks  and  other  impurities.     "When  it  is 
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desirable  to  still  more  filter  tlie  air  in  sick-rooms 
or  hospitals,  a  lining  to  the  air-entrances  of  horsehair 
matting  can  be  added  ;  but  the  air  can  be  ridded 
chemically  of  any  unwholesome  parts  by  placing  in 
the  wall-thickness  of  the  valve  entrances  pieces  of 
charcoal,  which  will  chemically  absorb  any  deleterious 
matter ;  thus  giving  to  invalids  or  delicate  persons 
every  advantage  derivable  from  an  adequate  supply  of 
fresh  and  pure  air,  which,  coming  into  the  room  many 
feet  above  persons'  heads,  and  without  draught,  as 
before  explained,  will  thus  prevent  the  risk  resulting 
from  open  doors ;  or  windows  ;  the  air  will  be  equally 
diffused  in  the  room,  from  the  natural  tendency  existing 
to  equalize  temperatures  when  differing  atmospheres 
meet. 

Perhaps  one  of  the  most 1  conspicuous  benefits  sup- 
plied by  my  system  of  Ventilation  is  the  removal 
of  every  evil  attendant  on  burning  gas.  So  seriously 
injurious  to  health  and  property,  bo  greatly  tending 
to  colds,  have  been  the  great  heat,  the  large  absorp- 
tion of  oxygen,  and  the  poisonous  gases  diffused 
into  shops,  rooms,  and  all  enclosed  places,  by  the 
burning  of  gas,  that  its  use  has  been  kept  up 
mainly  by  its  brilliance,  economy,  and  convenience, 
though  at  a  very  serious,  yet  often  untraced  sacrifice  of 
the  property,  comfort,  and  health  of  the  inmates ;  but 
where  a  room  is  ventilated  by  my  cornice,  an  impure 
atmosphere,  or  one  deficient  in  oxygen,  is  simply  im- 
possible, as  the  heat  and  vitiated  air  are  draughted 
away  into  the  flue  of  the  chimney  by  the  current  in 
the  cornice ;  and  the  influx  of  pure  air  will  be  in 
proportion  to  the  want  of  it,  that  is,  to  the  difference 
between  the  temperature  in  the  room  and  that  of  the 
external  air.  Such  are  the  advantages  ensured  by  my 
method  of  Ventilation ;  hence  my  claim  to  having 
formed  a  perfect  system,  by  supplying  a  simple  and 
inexpensive,  as  well  as  ornamental  addition  to  every 
room,  which  attains  the  end  that  all  experimentalists 
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in  Ventilation  have  been  straining  to  accomplish.  The 
plan  is  also  most  valuable  for  ventilating  stables,  cattle- 
sheds,  ships,  railway-carriages,  &c,  in  short,  it  ensures 
pure  air  in  any  enclosed  place. 

I  anticipate  that  society  at  large  will  direct 
most  positive  attention  to  the  subject  of  adequate 
Ventilation-  everywhere,  when  the  purifying  influence 
on  the  air  of  my  ventilating  cornice  comes  under 
public  observation,  for  I  am  supported  by  eminent 
medical  authority  in  stating  that  in  countless  cases 
of  patients  suffering  from  debility,  the  aid  of  a 
pure  and  constantly  changing  atmosphere  will  be  of 
inestimable  assistance  to  the  medical  practitioner. 

And  I,  with  equal  confidence,  assert  that  the  gene- 
ral experience  of  the  owners  of  horses  and  other  valu- 
able animals  will  support  my  statement :  that  they 
frequently  perish  or  become  diseased  by  being  kept  in 
unventilated  buildings,  as  was  unpleasantly  evidenced 
to  myself  some  years  back,  by  my  having  the  eyes  of 
a  valuable  young  horse  irrecoverably  diseased,  from 
his  being  placed  in  a  close,  unhealthy  stable,  during  a 
single  night. 

Although  the  invention  has  been  but  a  short  time 
before  the  public, — indeed  at  present  only  few  have 
seen  or  heard  of  it,  still  it  is  gratifying  to  know  that 
they  who  are  cognisant  of  it,  and  especially  those  most 
competent  to  form  a  judgment  on  its  merits,  give  to 
the  plan  their  most  hearty  commendation. 

And  the  public  will  learn  with  interest  that  the  cost 
of  the  ventilating  cornice  will  be  little  more  ( though 
ornamental  and  far  more  agreeable  in  effect,)  than 
an  ordinary  plaster  cornice*  and  less  in  cost  than  a 
ventilating  plaster  cornice,  while  old  plaster  cornices 
can  be  altered,  either  when  they  are  of  small  dimen- 
sions by  encasing  them  with  a  metallic  cornice  to  leave 
the  necessary  air  channels,  or  by  removing  the  upper 
and  lower  plaster  members  (only),  and  adding  the 
respective  air  channels  in  metaL 
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Where  architects  prefer  to  use  plaster  for  cornices 
the  plan  can  be  adopted  by  the  usual  mode  of  wood- 
framing. 

A  few  days  since  an  able  pamphlet  was  published  by 
one  of  the  competitors  for  the  erection  of  the  new 
Law  Courts,  in  the  form  of  a  letter  addressed  to  the 
Chief  Commissioner  of  Works  and  Buildings.  This 
Architect  is  impressed  with  the  value  of  my  invention, 
and  states  thus  in  a  letter  to  me  : — 

London,  1,  New  Inn, 
June  1,  1868. 
Dear  Sir, — I  have  made  a  careful  examination  of 
your  ventilating  cornice,  and  am  fully  persuaded  that 
it  is  a  most  valuable  invention.  It  is  indeed  the  com- 
pletion of  what  I  have  been  striving  after  in  the  plans 
which  I  adopted  in  the  erection  of  the  Barracks,  near 
Buckingham  Palace,  and  in  other  large  public  buildings. 

I  have  just  completed  a  set  of  designs  for  a 
new  Convalescent  Hospital,  which  will  cost  at  least 
£300,000,  and  I  shall  use  your  cornice  in  every  room 
in  it.  I  shall  also  adopt  it  in  a  number  of  houses 
which  are  now  being  erected  under  my  supervision, 
and  shall  recommend  it  everywhere. 

Yours  truly, 
(Signed)       John  Dale,  Architect. 
Mr.  William  Potts, 
Handsworth. 

I  am  arranging  for  the  exclusive  distribution  or 
fixing  of  the  Patent  Ventilating  Cornice  in  Great 
Britain  and  Ireland,  and  for  supplying  it  to  the  Foreign 
Trade  by  an  eminent  London  house.  The  address  of 
this  Firm  will  soon  be  announced  by  advertisement, 
till  that  announcement  is  made  communications  can 
be  addressed  to  me. 


I  cannot  conclude  this  description  without  express- 
ing my  best  thanks  to  a  Medical  gentleman,  of 
London,  whose  earnest  approval  of  my  plan  for  venti- 
lating, induced  him  to  give  me  a  description  of  the 
many  previous  unsuccessful  efforts  to  supply  a  plan 
for  keeping  a  pure  and.  healthy  atmosphere  in  enclosed 
spaces. 

William  Potts. 

New  Inn  Hall, 

Handsworth,  near  Birmingham. 


is  a 


diagram 


showing 


a  section  of 


P.  S.— Below 
Patent  Cornice. 

The  clotted  lines  mark  the  spaces  through  which 
pass  the  two  kinds  of  air,  viz  : — the  heated  air  from- 
the  room  into  the  flue — the  cold  air  from  the  opening 
in  the  wall  into  the  room. 
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I.\T  THE  SENATE  OE  THE  UNITED  STATES. 


February  20,  1S65.— Ordered  to  be  printed. 
Mr.  BcckWLEW  submitted  the  following 

EPORT.        '      '  •  - 

The  Joint  Select  Committee  of  ilie  two  houses  of  Congress,  appointed  at  the  last 
session  to  examine  into  tTie  present  condition  of  the  Senate  chamber  and  hall 
of  the  House  of  Representatives,  as  regards  lighting,  heating,  and  ventilation, 
*hnd  their  acoustic  properties,  and  the  defects  and  disadvantages  existing  in 
the  same,  make  the  following  report : 

c 

That  pursuant  to  the  resolution  of  appointment  they  have  obtained  from 
Charles  F.  Anderson,  architect,  a  statement  of  the  principles  upon  which  he 
proposes  the  improvement  of  the  halls  of  Congress,  as  regards  the  particulars 
above  mentioned,  and  also  estimates  of  the  expense  that  will  attend  the  proposed 
alterations,  and  they  append  the  said  statement  and  estimates  to  this  report. 
They  have  also  obtained  plans  and  drawings  of  the  proposed  changes  of  the 
halls  and  Capitol  wings,  as  authorized  by  a  clause  of  the  miscellaneous  appro- 
priation act  of  2d  July,  1864,  which  are  deposited  with  the  Secretary  of  the 
Senate  for  examination  by  the  members  of  both  houses.  The  committee  have 
also  taken  the  voluntary  testimony  of  a  number  of  witnesses  upon  the  several 
subjects  covered  by  the  present  inquiry,  to  enable  them  to  come  to  intelligent 
conclusions,  and  they  "now  beg  leave  to  submit  that  testimony  in  connexion 
with  this  report  for  the  information  of  Congress. 

The  committee  propose,  in  the  first  place,  to  examine  the  several  defects 
alleged  to  exist  in  the  present  arrangements  relating  to  the  halls  of  Congress, 
and  particularly  those  relating  to  their  ventilation  ;  next  to  state  distinctly  the 
character  of  the  changes  proposed  ;  and,  lastly,  the  time,  manner,  and  cost  of 
their  accomplishment. 

First,  then,  as  to  existing  defects  : 

PLACE  OF  OBTAINING  AIR. 

1.  The  air  for  ventilating  the  halls  is  now  taken  from  the  levels  of  the  ter- 
races, between  the  wings  and  the  old  Capitol  building,  on  the  western  side. 
To  these  situations  much  dust  and  other  impurities  are  carried  by  the  action  of 
winds,  aubjected'to  the  influence  of  eddies,  and  taken  with  the  air  through  the 
ventilating  passages  into  the  halls.  And  in  warm  weather  the  terraces  and  ad- 
joining walls,  becoming  heated,,  affect  very  considerably  the  temperature  of  the 
air  obtained.  Reference  upon  this  point  of  the  inquiry  is  made  to  the  testi- 
mony of  Dr.  Antisell,  and  Mr.  Forney,  the  engineer  in  charge  of  the  ventila- 
tion of  the  House  of  Representatives.  It  is  manifest  that  the  air  introduced 
into  the  halls  should  be  obtained  from  places  not  subject  to  the  accumulation  of 
impurities,  or  to  the  undue  production  of  heat. 
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OVERHEATING  THE  Altt. 

2.  By  the  examination  of  the  engineer  in  charge  of  the  heating  and  ventilat- 
ing department  of  the  Senate  chamber,  it  appears  that  the  air  on  its  passage  to 
the  chamber  is  heated  exclusively  by  steam,  introduced  into  mazes  of  pipe's  for 
the  purpose.  Hot  water  is  not  used,  and  it  seems  certain  that  the  air  is  over- 
heated and  thereby  subjected  to  injurious  changes.  Professor  Wyman  says  : 
"  In  all  cases  in  which  it  may  he  necessary  to  warm  the  fresh  air  required  to 
be  supplied  to  an  inhabited  room  or  cell,  it  is  essential  to  health  that  the  in- 
creased temperature  should  be  derived  from  a  moderately  heated  surface ;  henco 
the  advantage  of  using  water  as  a  medium  of  heating.  In  a  hot-water  apparatus 
of  ordinary  construction,  the  temperature  of  the  surfaces  when  exposed  to  a 
current  of  air  will  never  reach  the  boiling  point,  and  it  is  obvious  that  they  may 
be  regulated  in  any  lower  degree  that  is  likely  to  be  useful." 

Among  the  conditions  prescribed  for  the  warming  apparatus  of  Pentonville 
prison — the  "  model  prison" — was  the  following :  "  That  the  entire  radiating  sur- 
face should  derive  its  temperature  from  the  circulation  of  hot  water,  and  that  it 
should  be  of  such  an  area  as  would  maintain  a  temperature  of  603  in  the  cells 
when  the  external  atmosphere  was  at  32°  ;  further,  that  under  ordinary  circum- 
stances the  temperature  of  the  heating  surface  should  not  range  above  100°  to 
120°  of  Fahrenheit." 

This  point  of  over-heating  the  air  demands  amendment  which  must  be  secured 
in  any  new  arrangement  regarding  ventilation. 

DEFICIENT  MOISTURE. 

3.  But  one  of  the  most  manifest  and  material  defects  in  the  ventilation  of  the 
Capitol  wings,  is,  the  exceeding  aridity  of  the  air  supplied.  To  this  point  the 
committee  have  given  particular  attention,  and  the  information  obtained  upon  it 
is  most  conclusive  in  condemnation  of  the  existing  arrangement.  Both  health 
and  comfort  are  disregarded  in  forcing  into  the  halls  air  containing  but  ono-third, 
to  one-half,  the  moisture  or  vapor  of  water  required  at  the  temperature  to  which 
it  is  raised.  It  is  to  be  taken  for  granted  that  the  natural  constitution  of  air  at 
any  given  temperature  is  better  adapted  to  life  and  human  comfort  than  an  arti- 
ficial one  can  be,  and  it  is  to  be  secured  as  nearly  as  possible  in  all  structures 
designed  for  human  occupancy.  In  a  free  atmosphere  the  demand  for  moisture 
'  caused  by  increased  temperature  is  fully  supplied  from  natural  sources.  But, 

in  moving  air  through  a  confined  space  destitute  of  watery  vapor,  and  subjecting 
it  on  its  passage  to  the  action  of  heat,  while  its  character  must  undergo  a  change 
as  to  temperature  and  density,  there  will  be  no  corresponding  change  in  the 
amount  or  proportion  of  moisture  it  contains.  In  other  words,  moisture  must  be 
imparted  to  it  by  artificial  means  if  its  true  natural  constitution  is  to  be  main- 
tained. That  a  principle  so  well  known  and  so  indisputable  should  have  been 
ignored  in  the  ventilation  of  the  Capitol  is  most  surprising,  and  indicates,  if  it 
does  not  prove,  incompetency  or  indifference  to  duty  in  the  superintendency  of 
the  building. 

Doctor  Keid  observes,  that  "  the  moisture  in  the  air  is  not  to  he  regarded  as 
an  adventitious  ingredient,  but  rather  as  an  essential  component  of  atmospheric 
air.  It  requires  in  general  to  be  added  to  air  in  cold  climates  in  winter  in  pro- 
portion to  the  temperature  communicated  to  it  before  it  approaches  the  person. 
If  cold  air  be  heated  in  spring  and  summer  by  natural  causes,  it  absorbs  a  pro- 
portional share  of  moisture  in  general  from  the  surface  of  moist  ground,  lakes,  and 
rivers,  or  from  the  ocean,  and  thus  reaches  the  system  in  a  congenial  condition. 
On  the  other  hand,  if  cold  and  dry  air  be  heated  artificially  without  receiving 
moisture,  its  increased  power  of  absorbing  moisture  renders  it  offensive  to  the 
system." — Reid  on  Ventilation,  sec.  341,  43. 
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"  The  amount  of  evaporation  into  equal  spaces  is  dependant  upon  tho  tempe- 
rature, and  increases  considerably  on  a  small  increase  of  heat."  Between  32° 
and  100°  the  amount  of  evaporation  is  doubled  by  the  addition  of  about  20°,  or 
at  52°  it  is  double  that  of  32.°  *  *  *  In  winter,  the  air,  when  extremely 
cold,  is  proportionably  free  from  moisture.  The  true  time,  acordingly,  when 
moisture  ought  to  be  applied  to  air  is  not  when  it  is  warm  in  spring  and  sum- 
mer, but  as  it  is  warmed  artifically  in  winter.  The  temperature  and  moisture 
of  the  air  are  certainly  the  most  important  circumstances  that  demand  attention 
after  securing  air  of  sufficient  purity,    (lb.,  s.  350,  436,  511.) 

Professor  Wyman  says  that  "  air  holds  in  solution  a  variable  amount  of  aque- 
ous vapor,  limited  by  the  temperature.  The  influence  of  this  agent  upon  the 
human  system  is  exceedingly  important.  The  lungs  are  continually  exhaling 
moisture,  its  quantity  depending  upon  the  hygrometric  state  of  the  atmosphere. 
If  the  air  be  too  dry,  the  lining  membrane  of  the  lungs,  throat,  and  mouth,  may 
be  deprived  of  necessary  moisture  so  rapidly  that  an  uncomfortable  degree  of 
dryness,  or  even  inflammation,  may  be  induced.  Undoubtedly,  the  best  constitu- 
tion of  the  air  is  that  which  nature  affords.  During  the  summer  months  the  air 
has  gradually  increased  in  temperature,  and  appropriated  from  rivers  and  other 
sources  that  amount  of  vapor  which  is  required.  In  our  houses  we  should  imi- 
tate the  same  course,  and,  heating  air  from  below  32°  to  70°,  provide  a  sufficient 
supply  of  water."    (  Wyman  on  Ventilation,  pp.  190,  91,- 96.) 

"  Air  changed  in  temperature  by  warming  without  increased  moisture  is  apt 
to  produce  unpleasant  feelings  and  painful  sensations  in  the  chest,  which  are 
often  attributed  to  too  great  heat.  In  very  dry  air  the  insensible  perspiration 
will  be  increased,  &c.  The  objection  lies  against  heated,  air,  no  matter  how 
heated.  Stoves  and  air  furnaces  with  their  red-hot  surfaces  are  undoubtedly 
worse  for  the  air  than  hot  water  apparatus  which  never  scorch  it,  yet  the  latter 
may  pour  into  our  apartments  a  withering  blast  of  air  at  150°,  which  may  be 
potent  for  mischief.  The  only  way  that  hot  air  can  be  made  healthful  and  de- 
sirable is  by  an  effectual  plan  of  artificial  evaporation."  (Dr.  Youmans1  Hand- 
book of  Social  Science,  308.) 

Appended  to  this  report,  is  a  paper  furnished  the  committee  by  Dr.  John 
A.  Rowland,  showing  the  capacity  of  air  for  moisture  at  different  temperatures, 
both  as  to  volume  and  weight,  to  which  reference  is  made  for  further  informa- 
tion upon  the  present  point.  The  figures  are  obtained  from  works  of  reputa- 
tion, and  they  show  that  the  air  of  the  halls  during  the  winter  and  spring  re- 
quires two  or  three  times  the  amount  of  moistui'e  actually  contained  in  it ;  for 
its  aridity,  caused  by  heating  it,  is  modified  in  no  way  whatever,  not  even  by 
leakage  of  doors  and  windows,  as  in  the  case  of  an  ordinary  apartment. 

But  what  determines  the  condition  of  the  air  in  this  respect  with  perfect  cer- 
tainty is  the  examination  given  it  by  Dr.  Wetherill  ef  the  Smithsonian  Insti- 
tution, lie  examined  the  air  of  the  Senate  chamber  on  the  24th  of  January, 
and  on  February  9th,  and  states  the  results  in  his  testimony.  Indicating  the 
saturation  point  of  air  at  any  given  temperature  by  the  number  100,  we  have 
a  standard  established  for  comparison,  when  ascertaining  the  quantity  of  mois- 
ture actually  present  in  any  specimen  of  air.  Upon  ascertaining  the  amount 
so  present,  it  may  be  indicated  by  a  number  which  will  bear  the  same  relation 
to  100  that  the  amount  found  present  bears  to  the  amount  which  would  be 
present  if  the  air  were  completely  saturated  or  contained  moisture  to  the  full 
extent  of  its  capacity.  And  in  such  case,  the  number  indicating  the  quantity  pre- 
sent is  called  the  "relative  humidity"  of  the  air  examined. 

Now  the  mean  annual  relative  humidity  of  atmospheric  air  in  England  has 
been  ascertained  to  be  about  75°,  saturation  being,  as  before  stated,  100°.  Mr. 
Roscoe  states  that  in  the  house  of  lords  the  air  is  pleasant  to  breath  when  its 
relative  humidity  ranges  between  55°  and  82°.  But  Dr.  Wetherill  found  the 
relative  humidity  of  the  air  in  our  Senate  chamber  on  January  24th  to  be  as  fob 
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lows :  In  ladies'  gallery,  near  reporters'  gallery,  at  2£  p.  m,  27.  In  same, 
near  diplomatic  gallery,  27.  On  same  day,  at  3  p.  m.,  the  relative  humidity  of 
the  external  air  entering  the  ventilating  fan,  was  56. 

On  February  9th,  with  a  relative  humidity  of  external  air  at  55  at  2£  p.  m., 
he  obtained  the  following  results  in  the  Senate  chamber :  in  southeast  corner  of 
chamber  on  a  level  with  desks,  at  3  J  p.m.,  relative  humidity,  20;  in  diplomatic 
gallery,  at  4  o'clock,  21. 

These  astonishing  but  indisputable  results  prove  that  upon  that  occasion  less 
than  one-third  the  proper  amount  of  moisture  was  present  in  the  air  of  the 
chamber. 

An  observation  taken  by  him  at  4.30  p.  m.  of  the  same  day  in  the  air-space 
above  the  ceiling  is  also  instructive.  He  found  the  temperature  to  be  64°, 
while  the  temperature  in  the  hall  below  at  the  previous  observation  had  been 
70.9°  upon  the  floor,  and  68°  in  the  diplomatic  gallery.  An  enormous  influ- 
ence of  the  roof  in  producing  cold,  and  affecting  the  air  of  the  halls,  is  shown 
by  these  figures.    It  was  a  cold  day,  with  an  external  temperature  of  30.6°. 

It  may  be  added,  that  by  observations  taken  at  the  Smithsonian  Institution 
for  the  months  of  February  and  June,  1859,  there  being  three  observations 
daily,  the  mean  relative  humidity  of  the  atmosphere  for  the  former  month  was 
71,  and  for  the  latter  month,  69.  Therefore,  on  the  9th  of  February,  1865,  the 
air  used  in  ventilating  the  Senate  chamber,  with  an  external  February  tempera- 
ture, and  an  inside  temperature  of  June,  had  a  point  of  relative  humidity  in 
the  chamber  that  required  to  be  multiplied  by  3£  to  raise  it  to  the  proper  Wash- 
ington average. 

With  good  reason,  therefore,  does  Dr.  Antisell  declare  in  his  testimony  that 
one  of  the  capital  defects  of  our  ventilation  is  the  want  of  hydration  of  the  air 
of  the  halls. 

Some  attempt  has  been  made  to  hydrate  the  air  recently,  but  in  a  very  insuf- 
ficient manner,  and  without  material  effect.  The  laudable  effort  of  the  present 
sergeant-at-arms  of  the  Senate,  with  insufficient  space  and  facilities  at  command, 
to  hydrate  the  air  of  the  Senate  chamber,  deserves  commendation. 

But  to  accomplish  the  object  in  view  a  radical  change  in  existing  general 
arrangements  is  required.  Dr.  Reid  states  that,  in  ventilating  the  English  House 
of  Commons  when  it  was  crowded,  he  often  exposed  the  air  furnished  to  5,000 
feet  of  evaporating  surface  to  impart  the  necessary  moisture,  and  subsequently 
made  the  air  flow  throvgh  jets  of  water.    (  Youmans,  s.  347 .J 

The  ideas  that  have  obtained  in  the  ventilation  of  the  capitol  may  be  esti- 
mated by  the  statement  made  to  the  committee  by  the  present  architect,  that  he 
proposed  to  hydrate  the  air  of  each  hall  by  passing  it  over  an  evaporating  sur- 
face of  forty  square  feet.  The  committee  are  not  prepared  to  recommend  this 
particular  experiment.  (A  subsequent  statement  was,  thirty  feet  of  heated 
water,  or  a  surface  a  little  exceeding  four  feet  by  seven.) 

"  When  dry  air  is  exposed  to  a  source  of  moisture,  a  considerable  time  must 
elapse  before  it  will  become  saturated.  The  diffusion  of  vapor  into  hot  air  is 
much  more  rapid  than  into  that  which  is  colder,  but  it  is  not  at  all  instantaneous. 
Mr.  Daniell  observed  that  a  few  cubic  inches  of  dry  air  continued  to  expand  by 
the  absorption  of  humidity  for  an  hour  or  two,  when  exposed  to  water  of  the 
temperature  of  the  surrounding  air." 

It  follows,  that  the  dry  and  warmed  air  for  supplying  rooms  of  great  magni- 
tude must  be  passed  over  an  evaporating  surface  of  great  extent,  in  case  that 
mode  of  hydrating  it  be  adopted.  Doubtless,  warming  the  water  would  increase 
the  efficiency  of  the  plan.  Dr.  Antisell  recommends  spray  or  jets  of  water 
thrown  into  the  air  at  a  right  angle  to  its  current,  which  would  no  doubt  be  an 
effective  and  satisfactory  mode  of  accomplishing  the  object  where  the  necessary 
facilities  can  be  established,  among  which  space  is  indispensable.  The' objections 
to  the  use  of  steam,  on  an  extensive  scale,  for  hydration,  are,  the  production  of 
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noise,  and,  as  alleged,  of  odor,  and  its  imperfect  dissolution  in  the  air  before 
entering  the  chamber.  It  passes  on  with  the  current  of  air  for  some  time  before 
it  becomes  dissolved  and  incorporated  with  it,  and  moisture  is  deposited  upon 
all  surfaces  with  which  the  volume  of  air  comes  in  contact.  There  is  no  arrange- 
ment for  introducing  steam  into  the  air  passing  to  the  halls,  but  it  was  provided 
for  the  air  directed  to  the  committee  rooms  and  passages.  The  plan  was  not 
found  to  work  well,  and  has  not  been  in  practice. 

DUST  RISING  IN  THE  HALLS. 

4.  Dust  rising  in  the  halls  from  the  floors.  This  defect  arises  from  the  intro- 
duction of  air  through  horizontal  openings  in  the  flom-s,  and  is  an  inconvenience 
which  should  be  abated,  if  possible. 

In  Dr.  lleid's  arrangements  for  ventilating  the  former  HouBe  of  Commons, 
mats  and  Russian  scrapers  were  provided  in  the  lobbies  to  secure  the  greatest 
possible  exclusion  of  every  source  of  impurity  from  the  floor ;  the  air  being  ad- 
mitted through  the  floor  by  numerous  apertures. 

This  difficulty  of  dust  rising  in  the  room,  as  well  as  the  introduction  of  refuse 
substances  into  the  horizontal  openings  in  the  floor,  would  be  mitigated,  though 
not  entirely  removed  by  the  introduction  of  the  air  through  the  risers  of  the  steps 
behind  the  seats  of  members.  That  was  the  original  plan,  but  it  was  abandoned, 
as  was  also  the  free  introduction  of  air  into  the  sides  of  the  room,  because  of  the 
unpleasant  currents  produced.  No  doubt  the  latter  effect  would  be  decreased, 
if  not  removed,  by  proper  hydration  of  the  air  ;  for  it  is  quite  certain  that  a 
current  of  dry  air,  although  at  a  high  temperature,  will  produce  chilliness,  on 
account  of  the  rapid  evaporation  caused  by  it. 

INEQUALITY  OF  TEMPERATURE. 

d.  Unequal  temperature  in  the  halls  at  the  same  level.  The  statements  of 
temperature  which  appear  in  the  evidence  establish  and  illustrate  this  point ; 
the  temperatures  given  of  the  hall  of  the  House  are  average  ones;  observa- 
tions of  a  number  of  thermometers,  at  the  same  level  in  various  parts  of  the  hall, 
differing  several  degrees  from  each  other,  being  taken.  The  Senate  chamber 
temperatures  are  those  of  single  instruments  with  their  particular  locations  noted, 
differing,  in  some  cases,  five  degrees  or  more  from  each  other  at  the  same  level, 
but  on  opposite  sides  of  the  chamber.  The  certain  result  of  these  differences  of 
temperature  is  to  cause  unequal  movement  of  the  air  and  to  disturb  the  regu- 
larity of  the  ventilation.  The  air  will  ascend  unequally  in  different  parts  of 
the  halls,  and  perhaps,  also,  some  disturbance  of  sound  will  be  thereby  pro- 
duced. 

EXTREME  HEAT. 

6.  Extreme  degree  of  heat  in  the  halls.  The  thermometrical  observations, 
beside  showing  differences  of  temperature,  show  also  an  excessive  degree  of 
heat.    The  average  exceeds  70°,  whereas  it  should  not  exceed  65°  to  68°. 

"  In  private  houses  the  air  should  never  be  allowed  to  remain  above  70° 
when  warmed  by  heated  air ;  when  heated  air  is  used  in  connexion  with  open 
fires,  or  other  radiating  bodies,  the  temperature  will  not  often  require  to  be 
above  65°."    (  Wyman,  p.  188.) 

"  The  best  temperature  for  a  room  is  65°  to  68°.    ( Youmans,  8.  21.) 

Temperature  in  former  House  of  Commons.  "  The  house  is  heated  to  62° 
before  it  is  opened,  and  maintained  generally  at  a  temperature  varying  between 
63°  and  70°,  according  to  the  velocity  of  the  air  passing  through  the  house." 
(Reid,  s.  659.) 

A  proper  temperature  is  fixed  by  Dr.  Antisell,  in  his  testimony,  at  C6°.  In 
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fact,  a  temperature  exceding  70°  in  the  halls  would  be  intolerable  were  it  not 
for  the  aridity  of  the  air ;  because  of  that,  rapid  evaporation  takes  place, 
rendering  individuals  less  sensitive  to  the  presence  of  heat.  But  the  degree  of 
heat  to  which  individuals  are  subjected  in  the  halls  is  probably  iujurious,  and  is 
in  more  marked  contrast  to  the  external  temperature  than  is  desirable.  These 
observations  relate  to  the  winter  and  spring  months,  but  the  temperature  of  the 
halls  in  summer  is  often  offensively  higli  during  both  day  and  night  sessions  ; 
for  the  heat  passing  through  the  roof  into  the  halls  by  day,  and  the  heat  thrown 
down  by  the  lights  at  night,  are  equally  intrusive  and  objectionable.  There 
was  no  necessity  for  establishing  the  conditions  from  which  these  effects  follow; 
and  the  heat,  which  sometimes  reaches  nearly  90°  in  the  halls,  is  productive  of 
much  discomfort,  is  injurious  to  health  and  obstructive  of  legislation.  In 
summer  the  air  is  sufficiently  moist,  but  temperature  is  less  subject  to  regulation 
than  in  winter; 

COMMUNICATION  WITH  AIR  SPACE  ABOVE  THE  CEILING. 

7.  The  air  of  the  halls  is  not  kept  distinct  and  apart  from  the  air  of  the  spaces 
above  the  ceilings.  It  is,  therefore,  subject  to  the  influence  of  the  roofs  and  of 
the  lights.  From  this  cause  the  ventilation  of  the  halls  is  disturbed,  and  rendered 
imperfect,  as  will  be  shown  under  subsequent  heads. 

THE  ROOFS. 

8.  The  roofs  are  exceedingly  objectionable  as  they  exist  at  present,  composed  in 
part  of  metal  and  in  part  of  glass,  generating  cold  or  admitting  heat  according 
to  season,  and  conducting  the  noise*  of  storms  enormously  and  offensively  to  the 
hallB.  In  erecting  them,  it  seems  to  have  been  forgotten  that  this  Capitol  was 
not  to  be  an  Egyptian  or  Grecian  temple,  under  a  genial  sky,  nor  even  a  Roman 
church,  in  the  mild  climate  of  Italy,  but  a  great  structure  for  the  use  of  legis- 
lative bodies,  in  a  comparatively  inclement  location  upon  the  banks  of  the  Po- 
tomac. Windows  upon  the  sides,  for  lighting  the  halls,  if  made  double,  would 
not  only  have  accomplished  their  office  more  perfectly  than  a  glass  roof,  but 
would  have  protected  the  air  of  the  chamber  from  all  injurious  influence  of  the 
external  atmosphere,  and  from  the  intrusion  of  all  external  sound  ;  and  even 
the  entrance  of  solar  heat,  now  enormous,  and  incapable  of  regulation  by  the 
roof,  might  have  been  excluded,  by  shading,  when  necessary,  the  windows  ex- 
posed to  it.  Light,  from  side  windows  would  be  soft,  natural,  cheerful,  and 
diffused,  producing  perfect  illumination  of  the  whole  interior  space,  including 
the  galleries,  now  so  unequally  and  imperfectly  lighted.  And,  finally,  windows, 
unlike  the  roof,  might  be  thrown  open  at  pleasure,  and  thus,  at  proper  seasons 
and  upon  fit  occasions,  rapid  and  thorough  ventilation  of  the  halls  secuced. 

THE  LIGHTS. 

9.  The  particular  arrangement  for  lighting  the  halls  by  gas  jets  above  the 
ceiling  is  another  defect  requiring  attention.  The  jets  are  very  numerous — 
those  used  for  lighting  the  hall  of  the  House  exceeding  twelve  hundred  in  num- 
ber. The  amount  of  heat  created  by  them  is  very  great,  and  the  quantity 
thrown  dowu  into  one  of  the  halls  at  a  night  session  increases  the  tempera- 
ture of  the  hall  from  three  to  five  degrees.  This  is  peculiarly  disadvan- 
tageous in  summer,  and  renders  night  sessions  uncomfortable,  there  being  no 
effective  arrangement  for  cooling  the  hall.  There  is  an  unnecessary  consump- 
tion of  gas,  and  the  products  of  combustion  are  not  effectually  removed. 

Dr.  lleid  says  :  "When  any  vitiated  air  is  produced  by  a  gas  lamp  or  other 
artificial  light,  or  by  any  manufacturing  operation,  too  much  importance  cannot 
be  attached  to  the  desirableness  of  involving  it  directly  in  a  stream  or  current  of  air 
by  which  it  is  conveyed  to  a  channel  where  it  cannot  possibly  contaminate  the 
air  of  respiration."    (S.  458.) 
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It  is  to  be  remembered  that  there  is  extensive  communication  between  the 
hall  and  the  air  space  above  the  ceiling,  where  the  lights  are  placed,  through 
numerous  apertures  along  the  ceiling,  allowing  impurities  of  combustion  to  pass 
into  the  halls  with  any  downward  current.  And  Dr.  Antisell  explains,  that  the 
accumulation  of  hot  air  under  the  roof  without  sufficient  means  of  exit  is  to 
back  up  against  the  out-going  currents  from  the  hall  and  prevent  their  escape. 

There  can  be  no  doubt  that  comparatively  few  lights  arranged  with  reflectors 
and  ventilating  chimneys,  would  light  the  halls  perfectly,  would  throw  down 
but  little  heat  into  them,  and  would  thoroughly  ventilate  the  air  spaces  above 
the  ceiling,  assuming  that  they  were  cut  off  (as  they  should  be)  from  any  com- 
munication with  the  halls. 

IMPERFECT  REMOVAL  OF  AIR. 

10.  One  principal  defect  of  ventilation  is,  the  imperfect  removal  above  of  the 
vitiated  air  of  the  halls.  Under  this  head  two  points  are  to  be  considered :  1st. 
That  the  avenues  of  escape  for  the  air  are  inadequate,  and,  2d,  that  no  exhausting 
power  is  applied.  Whatever  of  escape  takes  place  is  simply  from  <the  natural 
ascent  of  heated 'air,  and  this  action  is  insufficient  and  irregular  from  defective 
arrangements.  In  the  case  of  the  Senate  hall  the  apertures  for  the  escape  of 
the  air  have  a  deficient  capacity  of  one-sixth  as  compared  with  the  entrance 
shaft,  or  passage  below.  The  velocity  of  escape  is  deficient  also  to  the  extent 
of  one-third  as  compared  with  the  entrance  movement  produced  by  the  fan. 
Great  irregularity  and  imperfect  ventilation  are  the  necessary  results. 

As  to  the  application  of  artificial  power  for  the  removal  of  the  air,  Dr.  Anti- 
sell  says  :  "  The  chief  power  should  be  placed  at  the  point  where  the  air  is 
thrown  out  or  removed  from  the  building,  I  look  upon  a  fan  for  the  introduction 
of  air  as  of  secondary  importance  compared  with  a  fan  placed  at  a  point  where 
the  air  is  removed.  The  object  is  to  remove  the  air  that  has  become  impure, 
and  it  may  be  done  much  easier  and  with  more  certainty  if  the  power  is  applied 
at  the  removing  point." 

Question.  "Do  you  consider  the  application  of  power  for  the  removal  of  air 
from  a  chamber  more  important  than  for  its  introduction  1 

Answer.  "  Certainly  ;  that  is  the  main  point.  The  main  power  should  be  ap- 
plied where  the  air  is  to  be  removed,  and  for  this  reason  :  You  are  never  sure, 
in  driving  air.  in,  that  it  arrives  at  the  point  desired ;  but  if  you  take  it  out 
of  the  room  the  thing  is  palpable." 

Now,  at  present,  the  air  is  forced  by  fans  into  the  halls  and  then  alknved  to 
take  its  own  course,  subject,  however,  to  all  the  disturbing  causes  which  exist 
in  the  halls  or  above  them.  No  power  is  applied  to  produce  certainty  and  reg- 
ularity in  its  removal. 

CARBONIC  ACID  GAS. 

The  presence  of  carbonic  acid  gas  in  the  halls  is,  no  doubt,  in  excess  of  the 
quantity  contained  in  the  external  atmosphere,  but  the  committee  have  not  been 
able  to  obtain  any  exact  determination  regarding  the  quantity  present,  either  at 
ordinary  sessions  or  upon  extraordinary  occasions.  The  detection  of  this  gas, 
and  an  exact  determination  of  the  amount  of  it  contained  in  air,  require  skill, 
careful  attention,  and  instruments  and  materials  of  analysis  of  much  perfection. 
Of  atmospheric  air  in  a  state  of  ordinary  purity,  carbonic  acid  gas  constitutes 
but  about  four  parts  in  ten  thousand,  and  even  in  air  overcharged  and  rendered 
unhealthy  by  its  presence,  the  quantity  contained  i3  exceedingly  small.  But 
the  examination  upon  this  point  now  being  prosecuted  by  Dr.  Charles  M. 
Wetherill,  of  the  Smithsonian  Institution,  will  furnish  information  approaching 
exactness,  as  his  capacity  and  fidelity  are  both  unquestionable.  In  the  absence 
of  reliable  information,  no  clear  opinion  can  be  formed  upon  this  subject,  but 
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the  committee  are  induced  to  think  that  the  contamination  of  the  air  of  the  ball 
from  this  cause,  is  not  very  excessive  or  injurious.  The  reasons  for  this  opin- 
ion are,  the  great  size  of  the  halls,  the  fact  that  notwithstanding  defective  move- 
ment of  the  air  iu  ventilation,  the  quantity  of  air  removed  within  a  given  time 
must  be  very  considerable,  and  that  the  halls  are  usually  occupied  but  a  few 
hours  at  one  time.  Upon  extraordinary  occasions,  when  tbe  galleries  are  well 
filled,  it  is  probable  that  defective  ventilation  permits  an  unhealthy  accumulation 
of  this  pernicious  gas,  and  its  enormous  production  by  the  lights,  without  per- 
fect exclusion  from  the  halls,  may  produce  contamination  of  the  air,  even  below 
the  ceiling. 

Such,  then,  are  the  existing  defects  to  which  the  attention  of  the  committee  has 
been  directed,  and  they  may  be  briefly  summed  up  as  follows  : 

That  the  air  is  taken  from  an  improper  place,  where  it  contains  dust  and  is 
over-heated  in  summer.  That  it  is  over  heated  bv  steam  pipes.  That  the  an- 
as introduced  into  the  halls  during  the  winter  and  spring  months  of  the  year 
does  not  contain  more  than  one-third  to  one-half  the  moisture  or  vapor  of 
water  required  at  the  temperature  to  which  it  is  raised.  That  its  aridity  is  a 
capital  defect,  and  demands  radical  change  and  amendment.  That  dust  rises  in 
»  the  halls  from  the  introduction  of  the  air  through  the  floors.  That  tempera- 
tures are  unequal  in  the  halls  at  the  same  level. 

That  the  heat  is  extreme  in  the  halls,  at  least  by  5°  or  G°,  and  most  excessive 
in  summer,  both  by  day  and  night,  from  the  influence  of  the  roofs  and  lights. 

That  the  air  of  the  halls  is  not  kegt  distinct  and  separated  from  that  between 
the  ceilings  and  roofs. 

That  the  roofs  are  very  objectionable  both  from  their  construction  and  the 
materials  of  which  they  are  composed,  and  that  for  the  glass  roofs,  side  windows, 
made  double,  would  be  an  admirable  substitute. 

That  the  present  arrangement  for  lighting  the  halls  is  bad. 

That  the  removal  of  the  air  from  the  halls  is  imperfectly  accomplished,  the 
outlets  being  inadequate,  and  no  exhausting  power  provided. 

THE  PLAN  OF  IMPROVEMENT, 

The  changes  and  improvements  proposed  by  Mr.  Anderson,  the  architect,  are 
stated  in  detail  iu  his  report  to  the  committee,  which  is  appended  hereto,  and 
arc  shown  and  illustrated  by  his  plans  and  drawings  which  accompany  it.  He 
proposes  to  obtain  air  from  situations  upon  the  bank  west  of  the  building, 
through  vertical  shafts  of  some  elevation  ;  to  conduct  it  through  protected  pas- 
sages into  the  sub-basement,  and  then  conduct  it  upwards  through  appropriate 
passages  to  air  chambers  outside  and  near  the  upper  part  of  the  halls.  From 
these  distributing  chambers  it  is  to  pass  through  ducts  over  the  ceilings,  and 
obtain  admission  to  the  chambers  through  the  present  apertures  in  the  ceilings. 
The  entire  movement  of  air  so  far  is  to  be  produced  and  regulated  by  a  power- 
ful fan  placed  near  the  bottom  of  the  ascending  passage,  and  provision  is  made 
for  warming  the  air  upon  its  way  by  hot-water  pipes,  and  for  cooling  it  in  sum- 
mer by  the  use  of  ice.  He  proposes  also  to  place  jets  of  water  in  the  outer 
entrance  shafts,  and  to  provide  most  ample  and  effectual  arrangements  for 
hydrating  the  air  before  it  reaches  the  ceiling.  The  space  at  command  will 
enable  this  to  be  done  perfectly,  thus  removing  wholly  one  of  the  main  defects 
in  the  existing  arrangement.  The  removal  or  exhaustion  of  the  air  from  the 
halls  will  be  through  the  floors  and  through  the  present  passages  used  for  the 
introduction  of  air,  powerful  fans  being  again  used  for  accomplishing  this  purpose. 

THE  PLAN  CAN  BE  REVERSED. 

Now,  whatever  opinion  may  be  formed  of  the  merits  of  the  plan  thus  far,  as 
to  the  movement  of  air  in  the  process  of  ventilation,  it  is  manifest  that  it  pos- 
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sesscs  the  merit  of  being  capable  of  exact  reversal.  At  any  time,  if  desired,  the 
air  may  be  introduced  from  below,  conveyed  upward  through  the  halls,  and  ex- 
hausted through  the  proposed  entrance-passages  of  the  place;  in  which  case  it 
would  become,  as  to  its  general  features,  almost  the  identical  plan  successfully 
adopted  by  Dr.  Reid  for  the  ventilation  of  the  former  House  of  Commons.  In 
fact,  such  reversed  plan  would  have  a  material  advantage  over  the  Reid  arrange- 
ment in  the  use*  of  an  effective  exhausting-fan  instead  of  a  fire  and  chimney. 
Dr.  Antisell  and  Mr.  Cluskey  correctly  state  that  such  reversal  of  the  plan,  as 
to  direction  of  the  movement  of  the  air,  could  be  made  with  little  expense  and 
alteration  if  desired  hereafter.  This  consideration  meets  any  possible  objection 
to  the  downward  movement  of  air  through  the  halls,  by  those  who  may  not  be 
convinced  of  its  utility,  efficiency,  and  success. 

\  ELEVATION  OF  CEILINGS  AND  ROOFS. 

But  a  most  material  part  of  the  proposed  plan — that  which  involves  most  of 
•expenditure  and  requires  most  of  careful  investigation — is  the  elevation  of  the 
ceilings  and  roofs,  with  the  accompanying  and  consequent  changes. 

It  is  proposed  to  elevate  the  ceiling  and  roof,  in  each  wing,  about  fifteen  feet; 
to  make  the  roof  double,  the  inner  one  counter-ceiled  with  non-conducting  ma- 
terial ;  to  substitute  a  limited  number  of  lights,  with  reflectors  and  ventilating 
chimneys,  for  the  present  numerous  gas  jets,  and  to  insert  windows  around  the 
whole  upper  part  of  the  hal)  in  the  space  gained  by  the  elevation  of  the  ceiling 
and  roof.  Thus,  the  air-space  above  tb%  ceiling,  separated  entirely  from  the 
ducts  through  which  the  air  for  the  hall  is  introduced  or  exhausted,  will  be 
ventilated  by  the  chimneys  of  the  lights;  all  the  products  of  combustion  will 
be  at  once  removed  ;  abundant  light,  with  little  heat,  will  be  produced ;  all  in- 
fluence of  external  heat  or  cold  and  all  noise  from  storms  will  be  prevented  by 
the  double  roof  and  the  insulated  air  space  above  the  ceiling,  and  perfect  illu- 
mination of  the  hall  and  galleries,  with  other  advatages,  secured  by  the  side- 
windows  introduced.  There  can  be  no  doubt  that  these  would  be  most  valuable 
improvements  upon  the  points  involved  in  this  inquiry,  to  wit :  the  heating, 
ventilation,  and  acoustics  of  the  halls  of  Congress. 

The  laws  of  architectural  proportion  require  the  elevation  of  the  ceilings,  and 
the  appearance  of  the  halls  (and  particularly  the  hall  of  the  House  of  Repre- 
sentatives) would  be  greatly  improved  thereby. 

The  original  plan  of  Mr.  Anderson,  which  was  mainly  followed  in  the  con- 
struction of  the  halls,  and  in  their  location  in  the  centre  of  the  wings,  contem- 
plated windows  above,  as  now  proposed,  and  it  is  not  likely  that  any  competent 
architect  would  ever  propose  such  rooms,  so  located,  without  any  possible  ac- 
cess to  solar  light  except  through  the  roofs. 

Besides,  it  is  insisted  upon  by  professional  gentlemen,  and  appears  to  be  true, 
that  the  architectural  effect  of  the  Capitol,  viewed  externally,  would  be  improved 
by  the  moderate  elevations  proposed  to  be  added  upon  the  wings.  The  sky 
line  of  the  structure  would  be  somewhat  broken,  which  would  comport  with  the 
style  of  Roman  art  upon  which  the  Capitol  was  originally  designed — the  Roman- 
Corinthian  order — and  t lie  attention  now  fixed,  concentrated,  and  absorbed  by 
the  great  central  dome,  would  take  in  the  whole  structure  and  recognize  the 
wings  in  which  the  great  legislative  houses,  composing  the  Congress  of  the 
United  States,  are  assembled. 

The  elevations  would  recede  inwards  some  distance  from  the  outer  vertical 
line  of  the  wings,  and  none  of  the  present  or  proposed  exterior  work  upon  the 
wings  would  be  disturbed. 
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OBSERVATIONS  UPON  THE  PLAN. 

Recurring  lo  the  details  of  the  plan  of  changes  already  stated,  the  committee 
have  some  additional  observations  to  submit  upon  particular  points. 

It  is  questioned  by  a  most  competent  witness  examined  by  the  committee, 
whether  entrance  shafts  for  the  external  air  so  high  as  twentydfive  or  thirty  feet, 
are  necessary  or  expedient,  and  also  whether  jets  of  water  in  those  shafts 
would  be  an  advantage.  The  committee  conclude  that  neither  point  is  very  im- 
portant, and,  however  determined,  will  not  materially  affect  the  general  plan  ; 
a  proper  place  for  obtaining  the  air  being  the  main  object  to  be  secured  in  the 
first  instance.  As  to  passing  the  air  over  ice  in  the  summer,  for  the  purpose  of 
cooling  it,  the  committee  think  that  the  use  of  cold  water  in  the  pipes  used  in 
winter  for  warming  the  air  would  usually  be  sufficient  for  a  proper  reduction  of 
temperature.  In  hydrating  the  air  the  use  of  an  extensive  system  of  jets  or 
spray  of  water,  reasonably  warmed,  in  the  ample  space  at  command  by  the  plan, 
would  be  the  most  efficient  and  satisfactory.  Any  use  of  steam  must  be  in  moderate 
quantity,  and  at  some  considerable  distance  from  the  point  of  entrance  into  the 
chamber,  to  permit  its  perfect  absorption  and  dissolution  in  the  air.  Level 
evaporating  surfaces  would  require  to  be  of  great  extent;  their  arrangement 
might  impede  the  movement  of  the  air  in  ascending,  and  might  cause  accumu- 
lation of  dirt  or  impurity.  The  plan  of  hydration  here  suggested  is  con- 
tained in  the  testimony  of  the  intelligent  and  able  witness  already  mentioned, 
and  is  concurred  in  by  the  architect?  Another  suggestion  from  the  same  source, 
as  to  an  easy  improvement  of  the  openings  of  the  ceilings  for  the  passage  of 
air,  is  believed  to  be  judicious.  The  windows  to  be  introduced  into  the  upper 
part  of  the  halls  should  unquestionably  be  double,  and,  in  the  opinion  of  the 
committee,  no  stained  glass  should  be  used  in  their  construction. 

THE   DOWNWARD  MOVEMENT  (IF  Alii. 

But  one  additional  feature  of  the  plan  remains  to  be  considered — the  pro- 
posed downward  movement  of  the  air  through  the  halls.  In  his  "  Notes  upon 
Acoustics  and  Ventilation,"  submitted  by  Captain  M.  0.  Meigs  to  Jefferson 
Davis,  Secretary  of  War,  May  19,  1S53,  the  advantages  of  the  descending 
movements  are  stated  to  be,  the  avoidance  of  all  eddies,  a  nearly  homogeneous 
and  tranquil  atmosphere,  and  the  immediate  removal  downwards  of  auy  dust 
from  the  carpet  which  would  thus  be  prevented  from  rising  to  be  inhaled  into 
the  lungs  ;  and  it  is  insisted  upon  that  good  acoustic  results  would  be  secured. 
The  plan  of  Captain  Meigs  for  the  ventilation  of  the  halls  of  Congress  was 
undoubtedly  derived  from  Mr.  Anderson,  whose  plans,  with  printed  explana- 
tions, were  in  his  possession  for  some  time,  and  obviously  adopted  and  followed 
to  a  great  extent  in  the  construction  of  the  wings.  The  "  Notes  on  Acoustics 
and  Ventilation,"  elaborating  the  advantages  of  the  descending  movement,  are 
therefore  appended  to  this  report,  and  in  connexion  therewith  the  emphatic  in- 
dorsement of  them  as  correct  and  judicious  by  Professors  A.  D.  Bache,  of  the 
Coast  Survey,  and  Joseph  Henry,  of  the  Smithsonian  Institution.  The  views 
thus  presented  and  indorsed  were  the  views  of  Mr.  Anderson,  and  are  exactly 
applicable  to  the  plan  now  proposed  by  him,  and  they  retain  whatever  of 
soundness  and  force  they  possessed  in  1853,  notwithstanding  they  were  sub- 
sequently departed  from  in  the  construction  and  arrangements  of  the  halls. 

But  there  are  two  material  advantages  of  the  descending  movement  of  air 
which  were  not  stated  in  the  "  Notes"  referred  to,  to  wit:  the  equalization  of 
temperature  in  the  halls,  and  particularly  near  the  floors,  and  the  economy  or 
saving  of  heat ;  both  which  are  important  and  evident.  They  arc  stated  by 
Dr.  Antiscll,  and  to  be  taken  into  consideration  in  determining  the  plan  now 
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under  consideration.  For  the  differences  of  temperature  upon  opposite  sides 
of  the  hall,  constituting  one  of  the  existing  defects,  would  he  wholly  avoided  by 
the  downward  movement.  The  tendency  of  tlie  air  after  its  admission  at  the 
ceiling,  and  during  its  progress  to  the  floor,  would  he  toward  equalization  and 
uniformity  of  temperature,  and  the  movement  also  would  he  comparatively  regu- 
lar until  acted  upon  very  near  the  floor  by  outgoing  currents.  The  argument, 
therefore,  for  improved  acoustics  by  the  downward  movement,  as  given  in  the 
"  Notes,"  is  strengthened  by  these  considerations.  The  facility  of  heating  the 
hall,  and  economy  in  the  use  of  heat  for  that  purpose,  would  also  be  greatly 
increased.  For  a  considerable  time  is  now  required  for  warming  one  of  the 
halls,  inasmuch  as  the  heated  air  when  first  introduced  passes  rapidly  to  the 
ceiling  and  roof,  the  colder  air  remaining  in,  or  falling  to,  the  lower  parts 
of  the  hall.  The  process  must  therefore  be  continued  until  the  entire  space  is 
thoroughly  warmed,  and  if  the  air  is  introduced  at  a  proper  temperature  several 
hours  will  be  required  for  this  purpose.  Besides,  a  great  amount  of  warm  air  is- 
wasted  in  heating  the  space  betAveen  the  ceiling  and  roof,  and  a  large  amount 
necessarily  lost  by  the  roof  itself,  as  before  mentioned.  But  in  introducing  the 
air  above,  as  proposed,  with  an  exhausting  power  below,  the  room  can  be  warmed 
rapidly,  the  exhausting  fan  withdrawing  the  cold  air  with  certainty  and  despatch 
and  permitting  its  place  to  be  occupied  by  the  descending  volume  of  warm  air 
No  heat  will  be  lost  by  the  roofs,  nor  diverted  to  the  air  spaces  between  them 
and  the  ceiling. 

The  "Notes"  correctly  state,  that  "  by  a  steam-driven  fan,  or  other  me- 
chanical means,  we  can  pump  air,  in  any  desired  quantity,  into  any  spot  to 
which  we  choose  to  direct  it." 

The  fan  is  now  the  accepted  instrument  for  the  movement  of  air  by  either 
the  plenum  or  vacuum  impulse,  where  great  efficiency  is  desired,  and  its  im- 
provement has  been  carried  so  far  as  to  leave  little  to  be  desired.  Where  the 
size  of  a  building  warrants  its  use,  it  gives  any  desired  power  with  certainty  and 
cheapness,  and  is  capable  of  adjustment  in  almost  any  position  where  the  lim- 
ited space  required  by  it  can  be  obtained.  And  it  has  superiority  over  a  chim- 
ney with  fire,  in  its  capacity  to  move  air  in  any  direction,  and  to  move  it  regu- 
larly and  with  greater  efficiency.  Placed  as  a  power  to  supply  or  exhaust  a 
room,  its  force  can  be  exactly  calculated  and  the  result  intended  precisely  ac- 
complished. The  exhaustion  of  the  air  of  a  room  by  it  in  a  downward  direction 
can  be  made  at  pleasure.  It  is  simply  a  question  of  the  application  of  a  power 
entirely  a^  command,  in  an  intelligent  manner. 

A  few  notable  instances  of  downward  movement  in  ventilation  may  be  men- 
tioned, and  first  that  of  the  model  Pentonville  Prison  of  which  Professor  Wy- 
man  says:  "The  arrangements  which  have  been  in  operation  ventilating  and 
warming  the  cells,  and  maintaining  an  equable,  general  temperature  within  t lie 
prison,  have  been  attended  with  complete  succeBa."  The  air  is  introduced 
through  horizontal  passages  warmed  by  hot-water  pipes,  and  passing  upward 
along  flues,  is  admitted  into  each  cell  at  the  top  immediately  under  the  ceiling. 
It  is  withdrawn  from  the  cell  on  the  opposite  side,  at  the  floor,  and  passing  up- 
ward through  flues  is  eventually  discharged  by  a  high  shaft  above,  into  which 
the  smoke-flues  from  the  heating  apparatus  also  enter.  "  It  will  thus  be  seen 
that  a  communication  is  established,  first,  from  the  outer  air  through  the  warm- 
ing apparatus  to  the  top  of  each  cell,  and  thence  from  the  floor  of  each  cell 
through  the  extracting  flues  and  ventilating  shaft  into  the  outer  air  again." 

"A  perfect  diffusion  of  air  takes  place  in  the  cell,  the  difference  of  tempera- 
ture at  the  ceiling  and  floor  can  scarcely  be  detected,  and  will  seldom  exceed 
one  degree,  and  it  may  be  inferred  that  the  difference  of  power  required  for 
extracting  the  air  at  one  or  the  other  of  those  levels  would  be  inappreciable." — 
Wyman. 
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Of  course,  if  the  air  were  required  to  pass  down  from  the  cells  to  the  base- 
ment, some  appropriate  power  would  be  necessary  to  accomplish  the  movement. 

The  ventilating  movement  of  air,  as  above  described,  is  assisted  in  the  winter 
by  the  smoke  and  disposable  heat  in  the  shaft  above,  from  the  heating  appa- 
ratus, and  in  summer  a  small  fire,  maintained  at  the  bottom  of  the  shaft,  is  used. 
In  short,  the  assisting  power  used  is  very  slight,  and  yet  it  is  said  by  an  intel- 
ligent author,  that  "  so  admirably  is  the  ventilation  of  the  building  contrived 
and  kept  up  that  there  is  not  the  least  sense  of  closeness  pervading  it ;  for  we 
feel  immediately  we  set  foot  in  the  place,  how  fresh  and  pure'is  the  atmosphere 
there." — (Mayhew's  Prisons  of  London,  p.  120.) 

A  diagram  of  the  fine  Portland  prison,  showing  the  introduction  of  air  into 
the  compartments,  both  above  and  below,  on  one  side,  and  its  exhaustion  on 
the  opposite  side  at  the  floor,  is  to  be  found  in  the  Prison  Commissioners'  Re- 
port, volume  29,  for  the  year  1850. 

In  the  case  of  the  New  York  Hospital,  upon  Broadway,  designed  by  Mr. 
Anderson,  and  where  the  plan  of  ventilation  is  successful,  the  air  is  obtained 
through  shafts  of  neat  appearance  about  twelve  feet  high,  placed  outside  the 
building,  is  carried  into  a  passage  of  the  sub-basement,  from  thence  admitted  to 
the  heating  apparatus  above,  there  wanned  by  hot-water  pipes,  and  permitted 
to  ascend  and  enter  the  wards  upon  the  sides.  It  is  removed  upon  the  opposite 
side,  through  openings  into  flues  above  and  below,  either  of  which  may  be  used, 
but  those  at  the  floor  arc  found  most  efficient  in  practice  and  remove  all  offensive 
odors  of  wounds  and  sickness  from  the  room.  The  exhausting  flues  are  con- 
nected with  a  small  room  above,  in  which  hot-water  pipes  are  placed  to  assist 
the  movement  and  discharge  of  vitiated  air.  The  statement  of  the  engineer  in 
charge  is  attached  to  this  report,  and  confirms  the  opinion  of  a  member  of  the 
committee  who  visited  the  building,  that  the  air  of  the  wards  is  good,  and  the 
whole  arrangement  of  ventilation  judicious.  The  use  of  a  fan  woidd  increase 
efficiency  of  movement,  if  that  should  be  desired,  in  this  or  any  other  building 
of  like  arrangement .  > 

In  the  case  of  the  new  emigrant  hospital  now  in  course  of-erection  on  Ward's 
island,  New  York,  the  air  is  obtained  through  an  elevated  shaft  placed  some 
distance  from  the  building,  and  conducted  through  brick  ducts,  and  then  upward 
through  iron  shafts,  through  openings  in  which  it  is  admitted  into  the  different 
wards.  It  is  removed  through  openings  near  the  floors,  behind  the  patients' 
beds,  and  discharged  into  the  atmosphere  in  the  usual  manner.  The  letter  of 
the  architect,  describing  the  plan,  is  hereto  attached. 

OBJECTIONS  CONSIDERED. 

Professor  Wyman  states  very  clearly  the  objections  to  the  downward  move- 
ment of  air  which  have  prevented  its  general  adoption  in  buildings  with  much 
force  and  clearness ;  but  it  will  be  observed  that  they  have  no  application  to 
the  plan  now  under  consideration.  The  first  is,  that  this  movement  requires  that 
the  openings  for  the  escape  of  the  air  should  be  nearly  as  numerous  and  diffused 
as  those  for  its  admission  in  the  ceiling,  and  for  most  evident  reasons.  Ordi- 
narily, however,  such  numerous  apertures  at  the  floor  cannot  be  secured ;  but  in 
our  case  they  already  exist,  and  the  objection  fails.  Another  objection  in  or- 
dinary cases  is,  that  in  the  downward  movement  the  lights  must  be  provided 
with  air  entirely  separate  from  that  which  supplies  the  room,  in  order  that  the 
gases  and  other  products  of  combustion  shall  not  be  breathed.  But  in  the 
present  plan  the  separation  of  the  space  where  the  lights  are  placed  from  all 
communication  with  the  air  of  the  hall  is  one  of  its  main  features,  and  easily 
secured.  We  may  add,  that  the  perforation  of  the  ceiling  for  the  diffused  ad- 
mission of  the  air  is  often  inconvenient  or  impossible,  and  that  facilities  for  op- 
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(  rating  an  exhausting  power  below,  do  not  exist.  None  of  the  ordinary  diffi- 
culties opposed  to  the  descending  movement  are,  therefore,  to  be  encountered  in 
the  present  case.  Its  practicability  however,  is  admitted  by  our  author  in 
strong  language,  and  its  desirability  indicated  where  the  conditions  exist  for 
it  s  application.  He  says  :  "  The  flow  of  air  may,  when  under  the  control  of  an 
efficient  moving  power,  take  any  direction  that  may  be  desired  ;  it  may  move 
from  below  upwards,  or  the  reverse,  or  in  both  directions  at  the  same  time.  *  *  * 
There  is  no  impossibility  of  producing  a  constant  and  equable  downward  move- 
ment. *  *  *  Ths  unoccupied  ceiling,  in  its  whole  extent,  may  be  used  for  the 
admission  of  air  which  may  reach  the  lungs  uncontaminated  by  dust  or  contact 
with  the  body.  This  is  the  movement  which  constantly  arises  in  rooms  heated 
by  means  of  fire-places,  &c." 

He  explains  that  heated  air  first  rises  to  the  ceiling  and  afterwards,  upon 
cooling  descends  and  is  removed  by  the  chimney. 

It  is  a  common  practice  in  ventilation  upon  the  removal  of  ascending  air  at 
the  top  of  the  room,  to  take  it  down  a  side  passage  and  deliver  it  into  the  exter- 
nal atmosphere.  rJ?his  may  be  accomplished  by  a  fire-place  at  the  bottom  of 
the  passage,  connected  with  an  upright  shaft  or  chimney,  as  in  the  case  of  the 
temporary  House  of  Commons,  or  much  better,  both  as  to  efficiency  and  regu- 
larity, by  an  exhausting-fan.  But  manifestly  this  downward  exhaustion  of  air 
accomplished  in  the  side  passage  may  be  accomplished  equally  well  in  the 
room  itself  as  to  air  introduced  at  the  ceiling. 

Only  one  point  remains  to  be  noticed  under  this  head — the  ascent  of  impurities 
from  the  bodies  of  persons  occupying  a  room.  Evaporation  from  the  skin  and 
air  breathed  from  the  lungs  convey  impurity  to  the  air,  and  cause  an  ascending 
movement  in  the  first  instance,  and  it  is  said  that  from  this  cause  the  descending 
air  may  be  contaminated  before  it  reaches  the  person.  It  is  true  that  air 
breathed  from  the  lungs  is  usually  warmer  than  the  air  of  the  room,  and  has  an 
ascending  force  mainly  due  to  the  elesticity  of  its  watery  vapor.  But  its  supe- 
rior temperature  is  quickly  lost,  and,  in  accordance  with  the  well-known  law  of 
diffusion  of  gases,  it  becomes  incorporated  with  the  descending  air,  and  passes 
downward.  As  some  time  is  necessary  to  contaminate  the  air,  it  follows  that  in 
a  descending  movement  all  impurity  is  removed  below  the  region  of  respiration 
before  it  becomes  appreciable  or  injurious  ;  and  as  the  whole  air  of  the  room  is 
changed  within  a  period  of  less  than  ten  minutes,  there  can  be  no  such  accumu- 
lation of  impurities  in  any  particular  section  of  air  as  to  render  it  offen- 
sive or  objectionable.  The  floors  of  the  galleries  being  perforated  with  numerous 
openings  for  ventilation,  no  vitiated  air  produced  there  will  pass  down  to  the 
floor  of  the  hall. 

The  committee  have  given  this  elaborate  examination  to  the  subject  of  ventila- 
tion by  a  downward  movement  of  air,  not  because  its  approval  is  indispensable 
to  the  plan  proposed  by  the  architect,  but  because  it  is  desirable  to  adopt  a  plan 
which  will  allow  the  application  of  that  particular  arrangement.  The  plan  will 
stand  good  for  an  upward  movement  of  air  through  the  halls,  but,  for  the  reasons 
already  given,  sustained  by  the  authorities  cited,  the  downward  movement  ap- 
pears to  promise  the  most  complete  and  satisfactory  results  in  ventilating  the 
halls^of  Congress. 

RESUME. 

In  summing  up  the  whole  case  upon  the  architect's  plan,  it  may  be  stated  to 
involve  the  elevation  of  the  ceiling,  the  insertion  of  side  windows,  the  removal 
of  the  glass  roof  and  substitution  of  a  double  roof,  the  separation  of  the  air-space 
above  the  ceiling  from  all  communication  with  the  hall,  the  substitution  of 
fewer  lights  with  reflectors  and  ventilating  chimneys  for  the  present  lights,  the 
introduction  of  pure  air  from  an  external  point  by  a  fan,  with  proper  warming  and 
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thorough  hydration,  and  its  effectual  and  regular  removal  from  the  hall  by  an  ex- 
hausting fan;  and,  by  the  plan,  either  an  upward  or  downward  movement  of  air 
through  the  hall  may  be  established ;  a  change  from  one  movement  to  the  other 
requiring  only  a  change  of  location  in  the  beating  and  hydrating  apparatus.  Upon 
the  merits  of  the  plan  reference  is  made  to  the  testimony  of  Mr.  Cluskey  and 
the  other  witnesses,  and  particularly  to  the  following  question  and  answer  in  the 
examination  of  Doctor  Antisell : 

"Question.  What  do  you  say  as  to  the  feasibility  and  success  of  Mr.  Ander- 
son's whole  plan  as  compared  with  the  present  arrangement? 

"Answer.  It  would  be  much  more  effective  than  the  present  plan,  and  feasible 
in  its  details." 

The  evidence  of  the  same  witness  upon  the  utility  and  advantages  of  an  ex- 
hausting fan  in  ventilation  is  also  worthy  of  particular  notice. 

THE  ESTIMATES. 

The  concluding  subject  for  examination  under  the  resolution  appointing  the 
committee  is  the  cost  of  the  proposed  changes.  The  careful  and  elaborate  es- 
timates laid  before  the  committee,  and  herewith  reported,  show  a  total  expen 
diturc  for  the  Senate  wing  of  $113, 1S5  25,  independent  of  an  attic  for  the  erection 
of  which  the  estimate  is  $37,500.  For  the  House  wing  the  expenditure  is 
$15,921  30  more.  The  erection  of  an  attic  upon,  it- would  cost  the  same  as  for 
the  Senate  wing,  being  of  the  same  size.  These  estimates  are  made  at  the  present 
prices  for  labor  and  materials,  and  as  to  nearly  the  whole  proposed  outlay  assume 
the  form  of  proposals  by  a  competent  party.  Underwritten  his  estimates  for  the 
wings,  respectively,  (including  nearly  the  whole  of  the  work  and  materials,) 
Benjamin  Severson,  the  directing  engineer  in  erecting  the  present  ceilings  and 
roofs,  proposes  to  execute  a  contract  at  the  prices  stated,  and  to  give  ample  se- 
curity for  its  performance. 

If  the  plan  of  improvement  now  submitted  to  the  two  houses  be  regarded 
with  favor,  the  committee  recommend  that  the  improvements  of  the  Senate  wing 
be  executed  between  the  termination  of  the  present  and  the  commencement  of 
the  next  session  of  Congress.  There  will  be  ample  time  for  this  purpose,  and 
an  advantage  in  concentrating  attention  and  effort  upon  the  one  wing.  In 
proceeding,  subsequently,  to  the  improvement  of  the  House  wing,  the  tempo- 
rary roof,  fixtures,  and  implements  used  in  the  work  upon  the  Senate  wing  can 
be  transferred  to  the  other;  and  any  improvement  or  modification  of  details  in 
the  general  plan  can  be  applied  in  executing  the  work  upon  the  House  wing. 

The  expenditure  for  the'  Senate  wing,  exclusive  of  the  attic,  will  fully  secure 
all  the  changes  and  improvements  proposed  in  the  plan  examined  by  the  com- 
mittee; in  other  words/will  secure  the  elevation  of  the  ceiling  and  roof,  with 
side  windows  and  all  tfyc  arrangements  of  ventilation.  Attics,  however,  will 
properly  follow  the  other  proposed  changes,  and  are  required  for  architectural 
effect.    Marble,  already  on  hand,  can  be  made  available  in  their  construction. 

With  this  question  of  expenditure  upon  the  proposed  improvements,  a  collat- 
eral one,  relating  to  the  wings,  may  be  considered.  The  present  plans  of  the 
•Capitol  extensions  indicate  expensive  colonnades  upon  the  north,  south,  aud 
west  sides  of  the  building,  to  be  placed  upon  the  arcades  already  erected,  and 
an  appropriation  of  $300,000,  applicable  to  their  construction,  was  made  at  the 
last  session.  That  appropriation  remains  unexpended,  and  the  question  arises, 
whether  it  would  not  be  well  to  withhold  it  from  the  volume  of  public  outlay. 
There  is  no  necessity  for  the  present  expenditure  of  this  large  sum,  and  the 
utility  and  advantago  of  making  it,  at  any  time,  is  matter  of  debate.  Mr. 
Anderson,  in  his  testimony,  says : 

"  I  recommend  that  you  finish  these  arcades  with  cornice  and  balustrade  at 
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the  top,  which  will  produce  a  good  architectural  effect  by  carrying  out  the  prin- 
ciples of  a  Roman  structure  more  fully  than  to  finish  them  as  heretofore  pro- 
posed. It  is  not  intended  to  put  porticos  but  colonnades  over  the  arcades.  The 
plan  i?,  to  carry  round  the  entablature  on  those  colonnades.  The  effect  of  it 
would  be  simply  this  :  A  column  before  each  pilaster  has  no  object  of  any  kind 
effected  by  it.  It  involves  an  additional  expense  of  marble-work  and  excessive 
weight,  without  any  possible  advantage.  Standing  at  right  angles  with  the 
building  these  columns  would  not  be  seen  more  than  the  pilasters  would  which 
stand  by  them;  they  would  merely  obscure  the  pilasters,  and  at  the  same  time 
deprive  the  numerous  offices  on  each  side  of  the  building  of  air  and  light.  It  is 
an  object  in  architecture  never  to  introduce  an  ornament  without  a  purpose.  In  i 
every  well-desigued  architectural  building  there  never  is  an  ornament  introduced 
that  has  not  its  object,  which  this  feature  of  the  design  of  the  Capitol  has  not. 
The  same  observation  is  applicable  to  all  of  the  four  colonnades — north,  south,  \ 
and  two  west."  *  *  *  "A  balustrade  would  be  a  great  deal  cheaper  than 
the  other  plan,  and  it  would,  at  the  same  time,  admit  more  air  and  light." 
'  These  views  seem  to  be  forcible  and  just,  and  are,  therefore,  brought  to  the  at- 
tention of  Congress  for  consideration. 

Upon  due  reflection,  the  committee  are  induced  to  submit  the  question  of 
withdrawing  the  appropriation  for  the  colonnades,  or  at  least  deferring  the  ex- 
penditure, in  view  of  an  inquiry  through  an  appropriate  committee  as  to  their 
utility  aud  merit.  If  balustrades  can  be  substituted  for  them  without  disadvan- 
tage, a  very  large  amount  of  money  can  be  saved  to  the  treasury,  and  the  bur- 
den of  the  expenditure  now  proposed  by  the  committee  for  real  and  necessary 
improvements  in  the  Capitol  wings  be  mainly  avoided. 


ARCHITECT'S  REPORT. 

To  the  honorable  the  Joint  Select  Committee  of  the  Senate  and  House  of  Rcj)- 
rescntatives  of  the  United  States,  on  the  subject  of  lighting,  heating,  ventil- 
ating, and  the  acoustics  of  the  two  halls  of  Congress. 

The  report  of  Charles  Frederick  Anderson,  architect  and  civil  engineer,  of 
the  city  of  Washington,  D.  C,  most  respectfully  represents — 

That  in  obedience  to  your  appointment  and  directions,  made  in  pursuance  of 
the  concurrent  resolution  of  the  two  houses  of  Congress  of  the  10th  of  May  last, 
the  undersigned  has  diligently  applied  himself  to  a  minute  examination  of 
the  various  parts  of  the  north  and  south  extensions,  and  to  the  various  plans 
and  drawings  of  their  several  parts  which  will  necessarily  have  to  be  used  or 
which  Avill  be  slightly  affected  by  the  plan  by  which  ho  proposes  to  improve 
the  lighting,  heating,  ventilating,  and  acoustics  of  the  halls  of  Congress,  with  a 
view  to  discover  the  most  direct,  easy,  and  economical  manner  in  which  the 
plan  can  be  applied  to  the  structure  as  it  now  exists. 

This  examination  has  the  more  strongly  and  clearly  developed  the  errors  of 
those  parties  having  charge  of  the  construction  of  these  extensions,  in  departing 
from  the  plans  which  the  undersigned  had  the  honor  to  furnish  for  the  accom- 
plishment of  these  objects,  and  which  had  been  submitted  to  President  Fill- 
more, and  been  supported  by  Mr.  Webster,  then  Secretary  of  State.  During 
the  administration  of  President  Pierce  these  same  plans  were  submitted  to  him, 
and  fully  examined  and  approved  by  Montgomery  C.  Meigs,  then  captain  of 
United  States  engineers  and  superintendent  of  the  Capitol  extension,  and  by 
Professors  Bache  aud  Henry,  and  were  also  approved  by  the  Secretary  of 
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War,  under  whose  direction  the  works  had  been  placed,  as  will  fully  appear  by 
the  documents  appended  to  this  report;  and  yet,  Btrange  as  it  may  appear, 
Captain  Meigs,  in  his  actual  construction  of  the  extensions,  not  only  rejected 
this  plan  for  the  lighting,  ventilating,  and  heating  of  the  legislative  halls,  but 
actually  reversed  the  whole  system,  making  the  error  radical,  and  therefore 
more  difficult  now  to  remedy  or  correct.  However,  by  a  thorough  study  and 
examination  of  all  the  parts,  the  undersigned  flatters  himself  that  he  has  (by 
his  accompanying  plans)  established  the  means  of  making  the  desired  improve- 
ments with  the  least  possible  alteration  or  change  in  the  interior  arrangements  ; 
none,  in  fajct,  which  will  occupy  any  material  apartments  or  space  of  the  exten- 
sions, or  injure  or  interfere  with  the  present  appearance  and  arrangement  of  the 
halls  of  Congress  in  any  way,  except  to  lighten  up  and  greatly  improve  their 
interior  appearance,  as  well  as  the  exterior  superstructure  ;  all  of  which  will  be 
shown  and  explained  by  this  report,  and  by  the  drawings  and  plans  herewith 
submitted. 

The  erroneous  plan  adoptee}  by  Captain  Meigs,  which  has  been  operating 
since  the  occupation  of  the  halls,  and  now  exists  in  both  houses,  receives  the 
exterior  air  under  the  ground  floor  from  off  the  surface  of  the  overheated  and 
dusty  terraces,  furnishing  much  of  the  bad  air  from  beneath,  carried  to  its  sur- 
face by  evaporation  and  side  currents  of  air  from  the  ground,  and  this  air  is  also 
tainted  with  much  of  the  odors  caused  by  the  machinery  near  which  it  passes. 

The  air  injured  by  these  causes  is  drawn  to  the  openings  in  the  cellar  or  sub- 
basement  walls  by  the  action  of  the  fan-wheel,  which  forces  it  up  under  the 
floors  of  the  two  houses,  where  it  finds  vent  through  the  gratings  under  the 
members'  desks,  the  risers  in  the  floors,  and  openings  round  the  halls,  and  in 
the  galleries.  By  the  action  of  these  currents  the  vapors  introduced  from  below 
rise  from  the  floors  of  the  halls,  and  keep  in  constant  motion  the  vitiated  air  gene- 
rated by  the  breath  of  the  persons  occupying  the  floors  and  the  galleries,  of 
which  carbonic  acid  gas,  being  heavier  than  the  purer  part  of  the  atmosphere  of 
the  chambers,  is  constantly  tending  to  and  settling  upon  the  floors,  and  would 
remain  upon  the  floors,  like  a  malaria  or  noxious  miasm,  were  it  not  kept  in 
motion  near  the  floor  by  the  currents  of  dirty  air  coming  up  through  the  grat- 
ings and  registers ;  there  is  added  to  this  bad  air  all  the  dust  produced  by  the 
walking  or  movements  upon  the  floor,  independent  of  that  brought  from  below. 
This  atmosphere  of  the  balls,  as  at  present  arranged,  cannot  be  otherwise  than 
unwholesome,  and,  were  it  not  for  the  frequent  opening  of  the  doors  leading 
into  the  halls,  would  prove  much  more  oppressive  and  intolerable  than  it  is.  To 
persons  of  weak  lungs,  however,  the  deleterious  effects  of  the  present  arrange- 
ment are  more  immediate  and  sooner  felt  than  by  persons  blessed  with  more 
robust  constitutions ;  but  even  these  may  be  taken  sick  without  any  apparent 
cause,  unless  it  can  be  traced  to  the  fact  that  the  seeds  of  the  sickness  have 
been  unconsciously  imbibed  while  sitting  quietly  in  their  seats,  and  much  more 
so  while  engaged  in  speaking,  or  in  the  heat  .of  debate,  when  the  lungs  must  of 
necessity  become  inflated  and  irritated  by  this  pernicious  atmosphere. 

From  these  remarks  .it  will  be  manifest  to  the  plainest  understanding  that  a 
great  error  has  been  committed  in  attempting  to  furnish  the  proper  air  to  the 
halls,  passing  it  through  and  mixing  it  up  with  the  vitiated  air  as  above  ex- 
plained, instead  of  introducing  the  pure  air  into  the  upper  elevation  of  the 
halls,  and  drawing  down  the  impure  atmosphere  through  the  gratings  in  the 
floor.  Having  thus  simply  explained  the  errors  of  the  present  system,  it  is  the 
purpose  of  the  undersigned  to  explain  the  principles  and  the  manner  in  which 
he  proposes  to  remedy  the  existing  errors  and  defects,  and  furnish  to  the  national 
councils  a  pure,  temperate,  and  refreshing  atmosphere,  of  an  equal  temperature 
at  all  seasons,  in  which  members  may  with  safety  exercise  their  lungs  while 
conducting  the  high  and  important  legislation  of  the  country,  with  ease  and 
pleasure,  and  without  any  apprehension  of  receiving  injury  from  the  medium 
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through  which  their  views,  arguments,  and  business  transactions  may  be  ex- 
pressed in  the  two  Houses. 

To  accomplish  this  purpose,  the  undersigned  will  endeavor  to  be  as  succinct 
as  the  nature  and  the  importance  of  the  case  will  admit  of,  and,  with  this  view, 
will  divide  his  explanations  as  follows,  viz : 

1st.  The  undersigned  proposes  to  furnish  an  abundant  supply  of  fresh,  un- 
adulterated air,  rarified  in  winter,  hydrated,  purified,  and  cooled  down  to  any- 
desired  temperature  in  summer,  to  the  halls  of  Congress,  so  as  to  insure  a  uni- 
form temperature  at  all  seasons,  with  a  healthy  atmosphere,  to  be  effected  by 
vertical  air  shafts  to  be  built  on  the  banks  on  the  west  side  of  the  Capitol  ex- 
tension, one  for  each  wing,  twenty-five  feet  high  over  the  level  of  the  flagged 
terrace,  and  in  the  position  marked  on  the  accompanying  plans  of  the  sub- 
basement  floors,  (specified  by  the  red  tint; )  through  these  shalts  pure  air,  pro- 
cured from  that  elevation,  will  pass  into  the  air  chambers  on  the  sub-basement 
floors,  through  dry  tunnels,  seven  feet  six  inches  in  diameter,  built  of  hard 
brick  and  cement  twelve  inches  thick,  and  cemented  on  the  inside,  so  as  to 
make  them  impervious  to  damp,  with  a  fall  to  the  vertical  shaft,  in  which  shaft 
a  jet  of  pure  water  will  play  at  discretion,  and  be  capable  of  adjustment  in  the 
engine-room. 

In  the  sub-basement  air  chambers  are  iron  stands  on  which  to  pile  ice  in  hot 
weather,  and  through  which  the  hydrated  and  purified  air  will  have  to  pass  to 
the  fan-wheel,  which  will  force  it  upwards  through  the  building  to  the  upper 
air  chamber  arranged  outside  of  the  chamber  walls,  and  from  which  it  will  pass 
into  the  halls  of  Congress  through  close  air-tight  ducts,  made  of  two  thicknesses 
of  thin  galvanized  sheet  iron  four  inches  apart,  filled  in  between  with  crushed 
puiiiice  stone  and  liquid  cement,  passing  through  the  perforations  in  the  ceiling 
as  through  a  sieve — this  perforated  portion  of  the  ceiling  forming  the  underside 
of  these  air  ducts. 

The  large  upper  air  chambers  outside  of  the  halls  will  be  arched  over  with 
brick  and  cement,  so  as  to  render  them  impervious  to  the  influence  of  the  exterior 
atmosphere,  either  hot  or  cold,  and  the  air  ducts  on  the  ceiling,  which  are  fed 
directly  from  these  large  air  chambers,  are  packed  on  three  sides  with  non-con- 
ducting material,  as  before  described,  so  as  to  transmit  this  purified,  cooled,  (or 
raiitied,)  air  to  the  halls  without  being  sullied  by  its  passage  through  the  atmos- 
phere over  the  glass  ceiling. 

The  undersigned  has  arranged  four  new  fan-wheels  to  carry  out  his  plan,  two 
to  force  the  air  up  and  two  to  withdraw  the  vitiated  atmosphere  from  the  floors; 
one  for  each  house.  These  are  so  formed  as  to  possess  five  times  the  power  of 
the  present  fan-wheel,  but  the  power  is  completely  under  the  control  of  adjust- 
ment. The  flow  of  air  into  the  halls  may  be  as  required,  and  will  be  regulated 
by  the  speed  of  the  fan-wheel,  which  depends  on  the  action  of  the  engine. 

When  very  cool  air  is  required  in  excessive  hot  weather  we  can  lower  the 
temperature  of  the  exterior  atmosphere  to  any  extent  desired,  in  the  halls  of 
Congress,  by  placing  ice  in  the  vertical  shaft  as  well  as  in  the  lower  air  cham- 
bers, and  still  further  by  the  use  of  salt  with  the  ice. 

All  this  air  passes  from  the  vertical  air  shafts  through  the  tunnel,  which  will 
be  built  into  and  covered  up  from  the  effects  of  the  atmosphere  by  the  present 
bank  of  earth  extending  to  the  basement  air  chambers,  and'  from  thence  up 
through  the  building  to  the  upper  air  chambers  which  supply  the  air  ducts  over 
the  ceiling ;  will  be  made  close,  clean,  and  pure,  with  a  drain  built  at  the  bot- 
tom leading  to  the  vertical  shaft  from  the  lower  chamber  and  the  ice  cellar, 
to  take  off  the  water  introduced  by  the  jet,  the  melting  of  the  ice,  or  the  rain 
water  in  the  vertical  shafts. 

The  undersigned  has  also  annexed  the  adjoining  cellarB  in  each  wing  (now 
useless)  for  stores  or  ice  houses,  where  a  supply  can  be  kept  convenient  to  the 
lower  air  chambers  for  daily  use  when  required.  Iu  cold  weather  steam  ad- 
Rep.  No.  128  2 
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mitted  through  the  cluster  of  pipes  now  in  use,  but  placed  in  the  new  air  pas- 
sage, will  rarity  the  air  to  any  temperature  required  on  its  passage  to  the  upper 
air  chamber,  through  which  chamber  a  stream  of  pure  water  will  be  made  to 
flow,  so  as  to  hydrate  the  heated  air  before  it  enters  the  halls.  This  can  be 
accomplished  by  allowing  the  stream  of  either  warm  or  cold  water  (to  suit  the 
temperature  of  the  air)  to  flow  over  a  continuous  tray  the  full  length  of  the 
upper  air  chamber,  fitted  with  a  gauze  wire  bottom  and  divided  into  compart- 
ments, so  as  to  be  able  to  adjust  the  amount  of  mist  through  which  the  ascend- 
ing air  will  pass  at  right  angles.  The  temperature  of  this  air,  subsequently, 
will  receive  additional  protection  at  certain  seasons  by  the  admission  of  air 
through  a  register  from  the  upper  air  chamber  to  the  space  over  the  glass  ceiling, 
and  the  influence  of  the  exterior  atmosphere  will  be  kept  off  the  glass  ceiling 
by  means  of  a  counter  ceiling  placed  on  the  back  of  the  iron  rafters  which 
support  the  roof  and  the  ceiling,  which  rafters  it  will  be  necessary  to  strengthen 
to  double  their  present  capacity.  This  counter  ceiling  will  be  composed  of 
crushed  or  broken  pumice  stone,  filled  in  with  liquid  cement,  resting  on  thin 
corrugated  galvanized  sheet  iron ;  it  will  be  five  inches  tbick,  packed  close, 
made  air-tight,  and  plastered  on  top  with  cement.  This  counter  ceiling  will 
prove  to  be  a  non- conductor  of  heat,  cold,  or  sound  from  the  exterior  copper 
covering  of  the  roof,  leaving  a  space  of  three  feet  between  the  exterior  covering 
and  this  counter  ceiling. 

This  plan  will  effectually  prevent  the  changes  in  the  weather,  either  by  heat, 
cold,  or  storms,  from  affecting  the  gflass  ceiling  as  it  does  at  present,  and  which 
has  been  so  much  complained  of;  in  fact,  the  temperature  of  these  halls  could 
never  be  properly  regulated  so  long  as  the  exterior  atmosphere  could  control 
the  temperature  of  the  space  over  the  glass  ceiling,  which  is  at  present  assimi- 
lated to  a  hot-house  in  summer  and  an  ice-house  in  winter,  besides  transmitting 
noise  from  the  effects  of  hail  and  rain  storms,  so  annoying  to  the  members  of 
both  houses  of  Congress.  It  will  be  only  fair  to  all  parties  that  it  should  be 
known  that  this  system  of  lighting  the  halls  of  Congress  by  means  of  sky- 
lights is  the  only  part  of  Mr.  Walter's  two  designs  which  have  been  brought 
into  operation  by  Captain,  now  General,  Meigs,  and  which  injudicious  act  is  a 
principal  cause  of  the  heated  ceilings  and  bad  acoustics. 

The  undersigned  proposes,  as  an  extra  or  auxiliary  means  of  heating  the 
halls  of  Congress,  in  very  cold  weather,  to  place  ornamental  benches  in  the 
angles  of  the  halls  and  in  the  hat-rooms,  filled  with  coils  of  steam  pipes,  to 
supply  additional  heat  on  the  floor  of  each  house,  which  will  obviate  the  neces- 
sity for  heating  the  upper  current  of  air  too  highly  to  be  pleasant. 

2d.  The  undersigned  proposes  to  withdraw  the  vitiated  air  from  the  chambers 
without  its  remaining  above  the  floors  to  become  injurious  to  the  occupants,  and 
at  the  same  time  to  regulate  and  insui  e  good  acoustics  to  botli  halls  of  Congress. 

To  accomplish  these  objects  the  present  system  will  have  to  be  completely 
reversed  by  using  the  same  apertures  for  with  drawing  the  vitiated  air  from  the 
halls  of  both  houses  and  from  the  galleries  that  is  at  present  used  for  admitting 
the  air  into  these  apartments,  being  the  registers  on  the  floors,  in  the  galleries, 
and  in  the  screens  which  enclose  the  halls,  &c,  &c. 

This  will  be  accomplished  by  means  of  powerful  fan  wheels,  made  to  work 
in  the  passages  which  at  present  admit  the  air,  and  in  as  close  proximity  as 
possible  to  the  openings  under  the  floor,  through  which  these  fan-wheels  will 
withdraw  the  vitiated  air.  The  power  of  these  exhausting  fan  wheels  upon  this 
air  can  always  be  regulated  to  a  certainty  by  their  velocity,  which  will  be  con- 
trolled by  the  action  of  the  engine. 

The  current  of  fresh  air  passing  through  the  halls  downwardly  will  also  be 
regulated  in  a  great  measure  by  the  action  of  these  exhausting  wheels,  which 
will  regulate  the  acoustics,  as  will  be  made  evident  from  the  fact  that  the  voice 
can  no  longer  ascend  to  the  roof  and  be  lost  in  the  space  over  the  ceiling,  as  at 
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pi'esent.  The  compressed  air  forced  through  the  perforations  in  the  ceiling,  as 
through  a  sieve,  will  oblige  the  voice  to  remain  in  the  body  of  each  house ;  it 
being  an  axiom  in  the  science  of  acoustics  that  glass,  next  to  water,  possesses 
the  greatest  attraction  for  sound.  The  attraction  of  the  voice  produced  by  the 
glass-paneled  ceiling  over  both  the  halls  of  Congress,  as  at  present,  will  be  ob- 
viated altogether  by  the  introduction  of  the  imperceptible  flow  of  pure  air  into 
each  house  from  the  ceiling.  As  sound  always  accompanies  the  current  of  air, 
it  will  be  decoyed  from  the  glass  ceiling,  and  conveyed  into  the  body  of  the 
chambers  and  into  the  galleries,  as  above  described,  without  a  reverberation  of 
the  voice  produced  by  the  present  low  glass  ceiling.  The  proposed  elevation 
of  the  glass  ceiling,  besides  improving  the  architectural  proportions  of  the 
chambers,  will  materially  assist  in  establishing  good  acoustics,  as  the  large 
field  of  attraction  for  the  voice  will  be  further  removed  from  the  floor,  besides 
being  intercepted  or  arrested  on  its  passage  to  the  ceiling  by  the  incoming  flow 
of  pure  air  through  the  many  apertures  in  the  ceiling,  and  a  greater  space  will 
be  afforded  for  the  action  of  that  incoming  current  to  mix  with  the  air  in  the 
chambers  before  it  reaches  the  floors.  The  undersigned  recommends  that  the 
system  heretofore  specified  in  the  printed  explanations  which  he  furnished  to 
Captain  Meigs  in  1853,  be  now  adopted  for  conveying  and  dispersing  the  su- 
perabundance of  sound  on  the  floors  to  the  galleries,  and  to  the  reporters'  desk 
in  particular,  by  inserting  open  slits  in  the  surrounding  screen,  to  which  will  be 
attached  zinc  tubes,  which  will  arrest  the  voice  and  convey  its  redundancy  from 
off  the  floor  to  the  galleries.  It  will  be  perceived  that  by  this  system  the  voice 
cannot  escape  from  the  halls  in  consequence  of  this  plan  for  admitting  the  pure 
air,  and  by  means  of  these  tubes  the  vibration  of  the  voice  or  echo  will  be 
altogether  done  away  with,  so  that  the  full  effect  of  the  voice  will  be  rendered 
more  agreeable  by  this  wholesome  atmosphere,  produced  by  purified  and  com- 
pressed air.  It  will  be  seen,  by  the  accompanying  plans,  that  this  change  can 
be  effected  without  interfering  with  the  arrangements  on  the  floors  or  galleries 
in  either  house,  or  the  surrounding  corridors,  passages,  or  offices,  in  any  way 
save  by  the  occupation  of  one  or  either  of  several  spaces,  the  selection  of  which 
may  well  be  left  to  the  honorable  Committee  on  the  Public  Buildings,  or  any 
other  authority  deemed  most  appropriate,  to  select  a  passage  for  the  pure  air 
from  the  basement  to  the  upper  air  chamber,  which  can  be  spared  with  the  least 
inconvenience,  that  is,  if  the  passage  laid  down  on  the  plans  for  the  Senate  wing 
be  not  approved  of.  With  this  exception,  it  will  be  perceived  by  the  drawings 
that  this  plan  for  securing  good  ventilation,  &c,  interferes  with  nothing  in  the 
halls  that  can  be  visible  under  the  level  of  the  cornice  of  the  present  ceiling 
which  surrounds  the  halls  of  Congress ;  everything  below  that  level  will  re- 
main as  at  present  arranged.  According  to  this  plan  there  will  be  two  objects 
attained  :  first,  to  establish  what  is  required  by  the  concurrent  resolution;  and, 
second,  that  it  may  be  effected  with  as  few  changes  and  at  as  small  an  expendi- 
ture of  time  and  money  as  is  possible ;  such  a  change,  however,  in  the  present 
halls  of  Congress  might  be  considered  cheap  at  any  cost,  as  it  will  insure  the 
health  of  the  nation's  representatives. 

3d.  This  plan  will  furnish  a  good  and  agreeable  direct  light  by  day  from  win- 
dows opening  on  the  exterior  atmosphere,  with  a  steady,  clear  gas-light  by  night, 
descending  through  the  present  glass-paneled  ceiling,  as  elevated,  butnvithout 
the  accompanying  heat  produced  by  the  great  number  of  gas-burners  at  pres- 
ent distributed  all  over  the  ceilings  of  the  two  halls  of  Congress,  numbering 
about  one  thousand  four  hundred  over  the  ceiling  of  the  House  of  Representa- 
tives alone,  the  effect  from  which  renders  the  heat  of  the  glass  and  iron  ceiling 
particularly  oppressive. 

To  remedy  the  present  defects,  it  is  proposed  to  raise  the  ceilings  over  the 
two  halls  of  Congress  about  sixteen  feet,  which  will  produce  much  better  pro- 
portioned apartments,  as  the  height  of  the  present  ceilings  is  altogether  at  va- 
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riance  with  architectural  rule,  or  the  laws  which  govern  architectural  propor- 
tions. This  change,  beside  improving  the  architectural  appearance  of  the 
halls,  will  afford  room  to  insert  a  tier  of  windows  extending  all  around  each 
hall  under  the  cornice  and  over  the  gallery  doors,  a9  shown  by  the  accompa- 
nying longitudinal  and  cross  sections.  These  windows  will  be  the  exact  size 
of  the  windows  in  the  committee  room3  on  the  basement  floors;  a  direct  light 
will  be  admitted  through  the  upper  half  of  these  side  windows,  twenty-six  iu 
number  in  the  House,  and  twenty-two  in  the  Senate,  as  well  as  a  borrowed 
light  through  seven  of  the  end  windows  in  the  Senate  chamber,  and  through 
nine  of  the  end  windows  in  the  House  of  Representatives.  The  upper  half  of 
the  sashes  will  open  on  pivots,  and  when  open  will  admit  the  air  through  the 
halls  from  the  exterior  atmosphere,  but  which  will  never  be  required  in  conse- 
quence of  a  sufficient  supply  of  better  air  being  at  all  seasons  within  command  by 
means  of  the  above  arrangement ;  besides,  open  windows  would  of  necessity 
damage  the  acoustics.  These  windows  would  be  hid  from  exterior  view  by  the 
erection  of  the  high  parapet,  (called  an  attic  in  architecture,)  on  which  will  be 
placed  the  present  balustraded  battlement,  and  which  is  recommended  in  Sena- 
tor Foot's  report  as  necessary  to  relieve  the  present  bad  effect  of  the  upper  mo- 
notonous straight  line  of  the  whole  building,  which  is  at  variance  with  Roman 
architecture,  (the  style  of  the  Capitol  building.)  The  increased  elevation  of  the 
wings  is  further  called  for  in  consequence  of  the  enormous  size  of  the  new  dome, 
(copied  from  the  dome  of  St.  Paul's  in  London,)  the  new  dome  of  the  Capitol 
being  fully  one-third  larger  than  it  should  be  if  constructed  in  accordance  with 
the  rules  which  govern  the  order  of  Roman  architecture  to  which  the  Capitol 
building  belongs.  A  dome  is  a  prominent  ornament  to  a  classic  structure,  but 
always  subordinate  to  the  proportions  and  style  of  the  building;  but  iu  our  case 
the  building  is  made  subordinate  to  the  dome.  The  published  remarks  of  an 
educated  northern  tourist  are  partciularly  applicable,  when  he  terms  it,  "  The 
great  dome,  with  the  low  buildings  beneath,  which  form  the  Capitol  of  the  United 
States."  The  base  of  this  new  dome  is  actually  made  to  project  beyond  the 
front  walls  of  the  building,  and  rest  on  the  projecting  portico  which  forms  the 
principal  entrance  to  the  rotundo.  To  elevate  the  wings  will  in  some  measure 
disguise  this  architectural  blunder. 

Thus  it  will  be  perceived  that  by  this  one  plan  two  great  objects  will  be 
effected — better  light  will  be  given  and  better  proportions  to  the  halls,  and  at 
the  same  time  it  will  materially  improve  the  exterior  architectural  appearance  of 
the  building.    (See  accompanying  sections  and  elevations.) 

The  new  windows  will  be  filled  in  with  stained  glass,  which  will  produce  a 
soft  and  agreeable  light. 

It  is  proposed  to  light  the  Senate  chamber  at  night  by  means  of  eight  circular 
burners  of  Fiink's  patent,  with  powerful  reflectors,  one  placed  over  each  ;  and 
the  House  of  Representatives  with  thirteen  circular  burners,  having  a  reflector 
over  each,  by  which  means  the  light  can  be  iucreased  to  any  amount  desired, 
and  the  present  objectionable  heat  from  the  great  number  of  unprotected  burners 
on  the  ceiling  will  be  altogether  done  away  with,  as  there  will  be  placed  over 
each  reflector  a  copper  dome,  surmounted  by  a  copper  chimney  eight  inches  in 
diameter,  passing  out  vertically  through  the  roof,  which  must  attract  all  the 
heat  upwards,  while  it  reflects  all  the  light  downwards.  To  elucidate  which 
the  undersigned  submits  the  accompanying  drawings  of  Frink's  patent  reflec- 
tors, which  he  would  recommend  as  the  best  means  of  lighting  the  halls  of 
Congress. 

The  air  which  this  plan  introduces  through  a  register  from  the  upper  air 
chamber  into  the  open  space  between  the  glass  ceiling  and  the  new  counter 
ceiling  will  increase  the  draft  upwards  from  the  burners  under  these  reflectors 
and  over  the  glass  ceiling,  through  the  flues  over  the  reflectors,  which  wdl 
remove  the  possibility  of  communicating  any  heat  from  the  burners  to  the  glass 
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veiling,  while  the  counter  ceiling  will  protect  the  glass  ceiling  from  the  influence 
of  heat  or  cold  from  the  exterior  atmosphere. 

The  \mdersigned  begs  leave  to  submit  a  drawing  of  Reigart's  improved  fan- 
wheel,  by  which  he  proposes  to  supply  and  control  the  pure  air  to  be  furnished 
to  the  halls,  and  to  draw  the  vitiated  air  therefrom. 

He  also  begs  leave  to  submit  specifications  and  detailed  estimates  for  the 
construction  of  the  different  works  more  fully  described  by  the  plans  for  the 
alterations,  which  he  has  the  honor  to  submit  in  obedience  to  the  instructions  of 
the  honorable  joint  committee.  • 

To  remove  all  apprehension  upon  the  subject,  the  undersigned  would  respect- 
fully state  that  these  plans  will  not  interfere  with  the  present  condition  or 
appearance  of  either  of  the  halls  below  the  level  of  the  present  glass  ceiling, 
while  the  arrangements  above  will  establish  better  architectural  proportions, 
symmetry,  and  beauty  to  these  halls — a  desideratum  which  he  trusts  it  will 
not  be  considered  out  of  place  for  him  to  say  would  have  been  effected  in  the 
original  construction  of  the  north  and  south  extensions  of  the  Capitol  had  his 
plans  been  fully  and  fairly  carried  out. 

Desiring  to  confine  this  report  to  a  plain  and  simple  statement  of  what  has 
been  required  of  him  by  the  joint  resolution  and  the  directions  of  the  joint  com- 
mittee, the  undersigned  has  omitted  to  introduce  any  reference  to  the  authorities 
sustaining  the  principles  of  the  plans  which  he  has  the  honor  to  propose ;  but  to 
aid  the  judgment  and  strengthen  the  opinions  of  this  honorable  committee  and 
those  of  the  honorable  members  of  the  two  Houses,  who  are  so  deeply  interested 
in  the  subject-matter  under  consideration,  he  would  beg  leave  to  append  notes, 
communications,  and  reports  of  high  authorities,  thereby  removing  the  idea  of  any 
presumption  on  his  part  of  presenting  a  plan  whose  principles  had  not  been 
fully  approved  by  science  and  practical  experience,  and  which  approval  the  un- 
dersigned made  himself  fully  aware  of  before  he  submitted  his  first  design,  in 
auswer  to  the  published  invitation  to  the  architects  of  the  United  States,  in  the 
year  1850,  by  practically  investigating  the  diffei'ent  systems  for  ventilating 
public  builings  in  Europe,  in  particular  the  Bank  of  England,  the  United  Service 
Club  House  in  London,  the  new  British  Houses  of  Parliament,  the  Millbank 
Penitentiary,  and  the  Pentonville  Model  Prison.  He  investigated  the  system 
of  ventilation  adopted  in  the  two  last-mentioned  establishments  under  an  order 
from  the  Home  Secretary,  Sir  James  Graham — which  order  will  be  found  re- 
corded in  the  visitors'  book  during  the  summer  of  1845 — a  copy  of  which  could 
be  had  upon  application  in  London,  which  would  at  once  prove  his  practical 
experience  of  this  system  which  he  has  throughout  advocated.  Under  these 
circumstances,  the  undersigned  can  with  confidence  assure  the  honorable  com- 
mittee that  there  can  be  no  possible  doubt  as  to  the  result,  and  it  will  be 
possible  to  successfully  carry  out  the  necessary  alterations  during  the  in- 
terval between  the  end  of  the  present  Congress  and  the  regular  annual  meeting 
of  the  next  Congress. 

For  the  more  minute  and  particular  explanation  of  his  plan,  the  undersigned 
begs  leave  to  submit  the  following  drawings,  viz : 

Senate  Wing. 

•Plan  of  sub-basement  floor,  showing  the  alterations. 
•Plan  of  basement  floor,  showing  the  alterations. 
•Plan  of  the  principal  and  upper  floors,  showing  the  alterations. 
■Longitudinal  section  of  wing,  showing  the  alterations. 
-Cross8  section  of  wing,  showing  the  additions. 
Section  showing  the  vertical  air  passage. 
-Plan  of  air  ducts  over  the  ceiling. 
-Front  elevation  of  north  wing,  showing  the  attic. 


No.  1.— 

No.  2.— 

No.  3.— 

No.  4.— 

No.  5.— 

No.  6— 

No.  7.— 

No.  8.- 
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No.    9. — Drawing  of  Reigart's  improved  fan-wheel. 
No.  10. — Drawings  of  Frink's  patent  reflector. 

House  of  Representatives. 

No.  11. — Plan  of  sub-basement  floors,  showing  the  alterations. 

No.  12. — Plan  of  basement  floor,  showing  the  alterations. 

No.  13. — Plan  of  principal  and  gallery  floors,  showing  the  alterations. 

Fo.  14. — Longitudinal  section,  showing  the  additions. 

No.  15. — Cross  section,  showing  the  alterations  in  roof. 

No.  16. — Section  showing  the  vertical  air  passage. 

No.  17. — Plan  of  the  air  ducts  over  the  ceiling. 

No.  18. — Elevation  of  the  south  wing,  showing  the  additions. 

No.  19. — Estimate,  &c,  from  competent  parties. 

Alll  of  which  is  most  respectfully  submitted  by 

CHAS.  FRED.  ANDERSON, 
Architect  and  Civil  Engineer,  Washington,  D.  C. 

December  5,  1864. 


REPORT    OF    CAPTAIN  MEIGS. 


Office  of  the  Extension  of  U.  S.  Capitol, 

Washington,  May  19,  1853. 

D  ear  Sir  :  Having  verbally,  in  my  interview  with  the  President  and  your- 
self, fully  explained  the  proposed  changes,  with  the  aid  of  large  drawings, 
showing  the  accommodation  to  be  afforded,  it  is  not  necessary  here  to  enter  into 
detail.    [These  were  the  drawings  furnished  by  C.  F.  Anderson] 

I  will  only  repeat  my  own  conviction,  that  the  proposed  change  will  secure  a 
better  room  for  speaking,  and  hearing,  and  better  accommodations  for  the  mem- 
bers and  officers,  and  business  of  the  House. 

I  have  prepared  some  notes  upon  the  application  of  the  general  principles  of 
acoustics  and  ventilation,  which  have  guided  me  in  devising  the  plan  which  I 
propose. 

They  contain  the  views  I  expressed  to  you  verbally,  and  which  I  propose  to 
write  out  for  submission  to  some  gentlemen  of  eminent  scientific  reputation. 

While  I  feel  confident  that  I  am  correct,  I  shall  be  happy  to  be  sustained  by 
their  approval  if  fight,  and  will  be  much  better  satisfied  to  be  corrected  if  wrong, 
than  to  be  permitted  to  go  on  and  fail  in  so  important  an  undertaking. 

The  changes  which  I  recommend  in  the  plan  of  the  south  wing,  in  order  to 
carry  out  the  above  views,  are  shown  upon  drawings  which  have  already  been 
explained  to  you. 

I  would  like  to  have  an  opportunity  to  show  them  to  the  gentlemen  to  whom 
you  will  refer  these  notes. 

To  lay  down  general  principles  correctly  is  not  sufficient  security  that  the 
application  of  them  will  be  judiciously  made. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

M.  C.  MEIGS, 
Captain  of  Engineers  in  charge  of  Capitol  Extension. 

Hon.  Jefferson  Davis, 

Secretary  of  War. 
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Extracts  from  "  Notes  on  Acoustics  and  Ventilation  with  reference  to  the  new 
Halls  of  Congress,"  by  Captain  Meigs,  United  States  Corps  of  Engineers  ; 
May,  1S53. 

Experience  shows  that  the  human  voice,  under  favorable  circumstances,  is 
capable  of  filling  a  larger  space  than  was  ever  probably  enclosed  within  the 
walls  of  a  single  room. 

If  sound  be  prevented  from  spreading,  and  losing  itself  in  the  air,  either  by 
pipe  or  an  extensive  flat  surface,  as  a  wall  or  still  water,  it  may  be  conveyed  to 
a  greater  distance. 

A  pure  atmosphere  being  favorable  to  the  speaker's  health  and  strength,  will 
give  him  greater  power  of  voice  and  more  endurance:  thus  indirectly  improving 
the  hearing  by  strengthening  the  source  of  sound,  and  also  by  enabling  the 
hearer  to  give  his  attention  for  a  longer  period  uufatigued. 

The  common  mode  of  warming  and  ventilating  public  rooms  is  fatal  to  per- 
fection of  hearing. 

One  or  several  columns  of  iutensely  heated  air  are  introduced  through  holes  in 
the  floor.  Being  much  warmer  than  the  air  of  the  apartment,  they  immediately 
rise  to  the  ceiling.  If  the  exit  apertures  for  foul  air  are  above,  this  fresh  and 
heated  air  above  escapes,  having  done  nothing  for  the  apartment  except  to 
cause  whirls  and  currents,  such  as  we  see  in  a  column  of  smoke  passing  from  a 
chimney  on  a  calm  day.  The  irregular  refraction  of  sound  through  these  cur- 
rents of  equal  density  tends  greatly  to  produce  confusion. 

If  the  exits  for  foul  air  are  below,  the  hot  air  accumulates  at  the  top  of  the 
room,  and,  gradually  displacing  the  cooler  air,  forces  it  out  through  the  passages. 

Professor  Reid  relates  that  he  has  found  the  air  near  the  ceiling  of  a  room  at 
the  boiling  temperature  while  those  on  the  floor  were  complaining  of  cold. 

Here  we  have  a  strata  of  different  densities  and  unequal  refractive  power,  and 
hence  confusion  of  sound. 

As  the  warmer  air  must  ascend  to  the  top  of  the  room,  I  propose  to  let  it  do 
so  in  a  large  trunk  outside  of  the  apartment,  pass  into  a  space  above  the  ceiling, 
and  thence,  by  numerous  holes,  find  its  way,  as  through  a  sieve,  into  the  room. 

By  a  steam  driven  fan,  or  other  mechanical  means,  we  can  pump  air,  in  any 
desired  quantity,  into  any  spot  into  which  we  choose  to  direct  it. 

I  would  drive  all  the  air  required  for  the  supply  of  the  room  through  a  maze 
of  hot-water  pipes,  raising  the  whole  of  it  to  the  temperature  desired — 60°  or 
80°,  as  the  case  might  be. 

If  the  room  be  thirty  feet  in  height,  and  it  be  desired  to  change  all  the  air  in 
it  every  fifteen  minutes,  enough  air  should  be  pumped  in  above  to  cause  a  general 
descent  of  the  whole  body  of  air  in  the  room,  at  the  rate  of  two  feet  a  minute. 

This  would  be  an  imperceptible  current.  The  exit  should  be  by  numerous 
holes  in  the  floor,  perhaps  through  the  carpet,  or  the  risers  of  the  platforms  on 
which  are  the  members'  chairs. 

Three  important  advantages  would  thus  be  gained :  The  avoidance  of  all 
eddies,  a  nearly  homogeneous  and  tranquil  atmosphere,  and  the  immediate  removal 
downwards  of  any  dust  from  the  carpet,  which  would  thus  be  prevented  from 
rising,  to  be  inhaled  into  the  lungs. 

To  prevent  the  disturbance  and  contamination  of  the  atmosphere  by  the  gas- 
lights, I  would  place  them  above  the  glass  of  the  skylights — the  space  between 
those  in  the  ceiling  and  those  in  the  roof  being  separated  from  the  chamber  into 
which  the  fresh  air  should  be  admitted. 

In  summer,  the  same  apparatus  which  sends  in  warm  air  in  winter  would 
supply  a  constant  breeze;  and,  if  the  temperature  of  the  external  air  was  too 
high,  it  might  be  cooled  by  jets  of  water  from  pipes  in  the  passages,  or  even  by 
melting  ice. 
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I  feel  confident  that,  by  observing  the  above  prescribed  precautions,  we  will 
obtain  rooms  as  near  perfection  as  is  possible — "  rooms  in  which  no  vitiated  air 
shall  injure  the  health  of  the  legislators,  and  in  which  the  voice  from  each  mem- 
ber's desk  Bhall  be  easily  made  audible  in  all  parts  of  the  room."  [  This  was 
Mr.  Anderson's  plan.] 

This  was  the  problem  proposed  to  me  for  solution. 

In  conclusion,  I  have  the  honor  to  repeat  the  request  made  verbally  some 
days  since,  that  the  above  notes  and  observations  may  be  submitted  to  some 
persons  of  scientific  reputation,  the  weight  of  whose  authority  may  sustain  me 
if  I  am  right,  or  correct  them  if  wrong. 

Respectfully  submitted  to  the  honorable  Jefferson  Davis,  Secretary  of  "War, 
by  his  obedient  servant, 

M.  C.  MEIGS, 
Captain  of  Engineers,  in  charge  of  Extension  of 
United,  States  Capitol  and  Washington  Aqueduct. 

Subsequently,  the  subject  having  been  referred  to  Professors  Bache  and  Henry, 
those  gentlemen  addressed  a  communication  to  the  Secretary  of  War  as  follows  : 

Sir  :  The  undersigned  have  examined,  as  you  requested,  the  principles  pro- 
posed by  Captain  M.  0.  Meigs,  of  the  Corps  of  Engineers,  with  reference  to  the 
acoustics,  heating,  and  ventilation  of  the  hall  of  Representatives. 

They  are  now  prepared  to  report  that  the  principles  presented  to  them  by 
Captain  Meigs  are  correct,  and  that  they  are  judiciously  applied. 

They  are  of  opinion  that  the  plans  should  be  provisionally  adopted,  in  order 
that  the  building  may  not  be  delayed,  subject  to  such  modifications  in  the  details 
as  may  result  from  the  further  sludy  of  them  by  Captain  Meigs,  or  from  the  ex- 
periments and  observations  of  the  commission. 

This  general  adaptation  of  the  plans  will  not,  it  is  believed,  interfere  with  any 
changes  of  details  likely  to  be  found  desirable. 
Very  respectfully,  yours, 

A.  D.  BACHE. 
JOSEPH  HENRY. 

Hon.  Jefferson  Davis, 

Secretary  of  War. 


ESTIMATES.  * 

Senate  Chamber — abstract  estimate. 

Altering  roof  and  raising  ceiling,  &c   §27,979  20 

Scaffolding  and  machinery  for  all  work  ••  10,000  00 

Brick  work  in  raising  the  chamber  walls   11,  929  05 

Air  ducts  over  the  ceiling,  two  thicknesses   5,  593  00 

New  windows  round  Senate  chamber   3,  600  00 

Belt  course  under  the  windows   784  00 

Gutters  and  eve  cornice  •   3,700  00 

Remodelling  flank  roof  and  gutters    5,  000  00 

"Workmanship  on  attic  walls  and  balustrade   37,  500  00 

Mason's  work  in  alterations  air-shaft  and  tunnel   20,  000  00 

New  steam  engine  <   2,  000  00 

Two  new  fan-wheels  ,   3,  000  00 


IMPROVEMENT  OF  THE  HALLS  OF  CONGRESS. 


25 


Eight  reflectors,  fixing  and  pipes   $9,  600  00 

[Rearranging,  rarefying  steam  pipes,  &c                                ...  5,  000  00 

Lining  upper  air-chamber  so  as  to  make  it  water-proof,*with  hot 

and  cold  water  pipes  and  sieve  the  entire  length   5,  000  00 

150,685  25 


The  above  calculations  are  made  at  the  present  prices  for  labor  and  materials. 

CHARLES  F.  ANDERSON, 

Architect  and  Civil  Engineer. 

Hall  of  Representatives — abstract  estimate. 

Altering  roof  and  raising  the  ceiling,  &c,  &c   $38,  970  10 

Raising  the  brick  walls  round  the  hall  ,   13,  925  45 

New  windows  round  the  hall   4,  400  00 

New  belt  course  under  windows   928  00 

Air  ducts  over  ceiling,  two  thicknesses   6,783  00 

Gutters  and  eave  cornice   4,  500  00 

Remodelling  flank  roof  and  gutters   6,000  00 

Workmanship  on  attic  wall  and  balustrade   37,500  00 

Alterations  in  mason's  work,  air-shaft  and  tunnel.   15,  000  00 

A  new  steam  engine   2,000  00 

Two  new  powerful  fan-wheels   3,  000  00 

Thirteen  reflectors,  including  fitting  and  pipes,  &c   15,  600  00 

Rearranging,  rarefying  steam  pipes,  &c   3,  000  00 

Liuiug  upper  air-chamber  so  as  to  make  it  water-proof,  with  hot 

and  cold  water  pipes  and  sieve   5,  000  00 

Scaffolding  and  machinery   10,000  000 

$166,606  55 


The  above  calculations  are  made  at  the  present  prices  for  labor  and  materials. 

CHARLES  F.  ANDERSON, 

Architect  and  Civil  Engineer. 


Estimates  and  proposals  for  altering  and  raising  the  roofs  and  ceilings  of  the 
Senate  chamber  and  hall  of  Representatives ;  th*  brick  walls  surrounding 
these  apartments,  and  the  windows  within  these  walls  ;  the  large  air-chambers 
with  their  water  arrangements  ;  the  air-ducts  over  the  ceilings,  and  the  work- 
manship of  covering  the  roofs  complete;  also  all  necessary  scaffolding,  and 
temporary  roofing  for  protecting  the  interior  of  these  chambers  during  the 
progress  of  the  work  ;  all  to  be  done  substantially,  in  a  workmanlike  manner, 
and  completed  in  strict  accordance  with  the  plans  and  printed  specifications 
2>repared  by  C.  F.  Anderson,  architect,  and  subject  to  his  approval. 

In  altering  these  roofs,  it  is  proposed  to  use  the  main  ties  in  their  present 
form,  as  these  are  known  to  be  composed  of  excellent  material,  and  to  have  been 
tested  to  the  extent  of  ten  thousand  pounds  strain  to  the  square  inch  of  cross 
section ;  but  the  rafters  and  braces  will  be  altered,  and  made  to  conform  to  the 
improved  roofs,  and  there  will  be  seven-eighths  added  to  the  size  of  the  rafters, 
so  as  to  give  to  them  a  cross  Bection  of  fifteen  square  inches — seven  inches  more 
than  the  old  rafters  have.  This  will  make  their  strength  practically  equal  to 
that  of  the  ties  with  which  they  are  connected,  which  is  not  the  case  with  the 
old  rafters ;  having  only  eight  inches  in  cross  section. 
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The  engineer  of  the  old  roofs  made  a  grave  mistake  in  making  the  sizes  of 
the  ties  and  rafters  nearly  equal.  He  Beems  to  have  acted  upon  the  theory 
that'  as  the  tensive  strains  in  the  ties,  and  the  pressure  in  the  rafters,  are  about 
equal  in  magnitude,  and  as  it  is  known  to  require  about  equal  magnitudes  of 
positive  and  negative  forces  to  crush  wrought  iron  by  pressure,  and  to  tear  it 
asunder  by  tension,  that  therefore  the  sizes  of  the  rafters  and  the  ties  must  also 
be  equal  to  give  to  them  corresponding  strength.  But  he  seems  not  to  have 
considered  the  facts  developed  in  practice,  that  rafters  formed  and  acted  upon  as 
in  these  roofs,  will  fail  by  lateral  deflection,  under  much  less  pressure  than  is 
required  to  crush  the  material  of  which  they  are  composed,  and  that  the  corre- 
sponding amount  of  tension  due  to  the  ties  cannot,  by  deflection,  or  distortion  of 
any  kind,  impair  their  normal  strength.  Therefore,  though  theoretically  right 
as  to  the  magnitude  of  the  forces  acting  in  opposite  directions  in  the  rafters  and 
in  the  ties,  yet,  in  not  providing  for  the  difference  in  their  effects,  has  resulted 
in  unscientific  construction,  in  roofs  that  have,  practically,  not  more  than  half 
the  strength  that  theory  assigns  to  them.  This  error  will  be  obviated  in  the 
proposed  roofs  by  adding  seven-eighths  to  the  size  of  the  rafters  ;  while  the  ties 
remain  unchanged. 

For  the  purpose  of  ascertaining  to  what  amount  of  strains  the  parts  of  the 
modified  roofs  may  be  subjected,  and  thereby  determine  the  sizes  and  strength 
required  for  each  part,  I  have  made  a  computation  of  the  weight  of  the  roofs, 
with  the  ceilings,  and  such  other  parts  as  will  be  sustained  by  the  roofs ;  and  I 
find  these  to  be  equal  to  fifty-three  pounds  to  each  square  foot  of  horizontal  sur- 
face covered,  to  which  I  add  ten  pounds  to  the  foot  for  possible  loads  of  snow 
— total,  sixty-three  pounds  to  the  foot.  This  is  a  large  allowance  for  snow  in 
this  climate,  and  the  high  and  open  position  of  these  roofs  will  preclude  the 
possibility  of  drifts  collecting  upon  them.  The  roofs,  thus  loaded,  will  produce 
tensive  strains  in  the  ties  equal  to  8.784J  pounds  to  the  square  inch  of  cross 
section,  and  4,685  1-15  pounds  pressure  to  the  square  inch  in  the  rafters  ;  which 
is  only  about  one-seventh  of  the  ultimate  strength  of  good  iron.  The  other  parts 
will  be  similarly  proportioned  as  to  size  of  parts  to  the  strains. 

SENATE  CHAMBER. 

Altering  roof,  raising  it,  and  the  ceiling,  as  per  plan  

Gutters  and  eave-cornice  round  the  raised  roof  

Brick  walls  around  chamber,  as  per  plan  

Scaffolding  and  temporary  roofing  so  as  to  protect  the  old  work. 

Remodelling  flank  roofs  and  gutters,  as  per  plan  

Lining  upper  air-chamber,  so  as  to  make  it  water-tight,  with  hot 

and  cold  water  pipes,  and  sieves  

Air-ducts  over  ceiling,  two  thicknesses    

New  windows  around  the  chamber,  as  per  plan  

Belt  course  under  these  windows,  as  per  plan  

Mason  work  in  tunnel,  and  in  new  air-shaft  

Rearranging  rarefying  steam-pipes,  &c,  &c,  &c  

Work  on  attic  walls  and  balustrade  


$27, 979  20 
3,  700  00 
11,929  05 
10,000  00 
5,  000  00 

5,  000  00 
5,593  00 
3,  600  00 
784  00 

20,000  (0 
5,000  00 

37,500  00 


136, 0S5  25 


I  will  execute  this  work,  as  above  set  forth,  for  the  sum  of  one  hundred  and 
thirty-six  thousand  eighty-five  dollars  and  twenty-five  cents,  ($136,085  25,)  and 
will  give  ample  security  for  the  due  performance  thereof. 

b         1  BENJAMIN  SEVERSON,  359  E  street. 

Washington,  December  2,  1864. 
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Altering  roof,  raising  it  and  the  ceiling   $38,  970  10 

Gutters  and  eave-cornice  round  the  raised  roof   4,  500  00 

Brick  wall  around  the  hall,  as  per  plan   13,  925  45 

Scaffolding  and  temporary  roofing  for  protection   10,  000  00 

Remodelling  flank  roof  and  gutters,  as  per  plan   6,  000  00 

Lining  upper  air-chamber  so  as  to  make  it  water-tight,  with  hot 

and  cold  water  pipes,  and  sieves   5,  000  00 

Air-ducts  over  ceiling,  two  thicknesses    6,  783  00 

New  windows  around  the  hall,  as  per  section   4,  400  00 

Belt  course  under  these  windows,  as  per  section   928  00 

Mason  work  in  tunnel,  and  air-shafts,  also  alterations   15,  000  00 

Rearranging  rarefying  steam-pipes,  &c,  &c,  &c   3,  000  00 

Work  on  attic  walls  and  balustrade   37,  500  00 


146,  006  55 


I  will  execute  this  work  as  above  set  forth  for  the  sum  of  one  hundred  and 
forty-six  thousand  and  six  dollars  and  fifty-five  cents,  ($146,  006  55,)  and  will 
give  ample  security  for  the  due  performance  thereof. 

BENJAMIN  SEVERSON,  359  E  street. 

Washington,  December  2,  1864. 


Note. — While  these  pages  are  going  through  the  press,  the  attention  of  the  committee  is 
directed  to  an  elaborate  report  upon  ventilation  by  Messrs.  Shedd  and  Edson,  civil  engineers, 
to  a  committee  of  the  Massachusetts  house  of  representatives,  dated  January  1,  1865. 
Copious  extracts  from  this  valuable  paper  are  given  in  the  succeeding  pages,  upon  the  ques 
tions  of  moisture  in  the  air  and  the  downward  movement  in  ventilation.  The  views  presented 
by  this  committee  in  the  foregoing  report  receive,  in  those  extracts,  an  intelligent  and  weighty 
endorsement.  The  actual  and  successful  application  of  the  downward  movement  by  General 
Morin  in  the  Hall  of  the  Conservatory  of  Arts  and  Trades,  and  by  Mr.  Gurney  in  the  Houses 
of  Parliament,  and  in  court-houses  and  other  public  buildings  in  England,  mu&t  be  regarded 
as  satisfactory  and  decisive  in  favor  of  the  conclusion  to  which  the  committee  have  arrived. 
In  fact,  the  current  of  authority  at  this  tituo,  as  well  us  sound  reason,  is  for  the  proposed 
plan. 
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Extracts  from  the  report  on  ventilation  of  J.  Herbert  Shedd  and  William  Edson, 
esjuires,  civil  engineers,  made  to  a  committee  of  the  Massachusetts  House  of 
Representatives,  Boston,  January  1,  1865. 

•  MOISTURE  IN  AIR. 

Scientific  and  medical  authorities  generally  concur  in  the  opinion  that  in-door 
air,  after  heating,  should  contain  nearly  the  same  proportion  of  moisture  as  the 
average  of  out-door  air  of  the  same  temperature  ;  but  when  air  is  brought  in  from 
out  of  doors  at  the  temperature  of  zero,  and  raised  by  heaters  to  sixty -eight  de- 
grees, it  would  require  the  addition  of  4T3^4^-  grains  of  water  per  cubic  foot  of 
air  to  bring  it  up  to  the  required  degree  of  moisture.  For  the  proper  moisten-< 
ing  then  of  fresh  warmed  air  introduced  at  the  rate  of  twenty  cubic  feet  a  minute 
for  each  one  of  three  hundred  persons  two  hours,  the  air  taken  at  zero  and  at 
t'le  average  degree  of  moisture,  no  less  than  fifty-nine  gallons  of  water  would 
require  to  be  added. 
*##»••###• 

Exactly  how  much  vapor,  or  what  per  cent,  of  moisture,  is  the  most  healthy, 
has  not  yet  been  determined.  From  much  observation,  we  have  taken  sixty-five 
per  cent,  of  saturation  as  the  amount  most  likely  to  prove  healthy. 

The  mean  relative  humidity  of  the  air  at  Philadelphia  for  the  year  1863 
was  67.2,  and  the  mean  annual  average  for  twelve  years,  68.5. 

THE  DOWNWARD  MOVEMENT. 

The  essential  point  of  ventilation  ^s  constant  change  of  air,  the  removal  of 
the  air  that  becomes  laden  with  the  secretions  of  the  body,  and  its  replacement 
by  fresh  air.  In  nature  this  change  is  generally  effected  by  currents  of  wind 
thai;  rapidly  sweep  away  and  renew  the  air.  In  addition,  according  as  the  air 
is  cooler  than  the  body,  the  portion  coming  in  contact  with  the  person  is  warmed, 
and,  becoming  lighter  than  the  rest,  has  a  tendency  to  rise  and  give  place  to 
new  air.  This  tendency  is  shown  by  a  sensitive  wind-wheel,  in  low  tempera- 
tures, at  the  distance  of  a  few  inches  from  the  body. 

The  heat  of  the  breath  also  has  been  assumed  to  be  the  special  provision  for 
its  removal  and  replacement  with  fresh  air.  This  has  been  a  favorite  theory 
even  among  scientific  men.  Mr.  Gurney  was  one  of  the  first  to  stoutly  deny 
the  fact;  in  his  testimony  before  committees  of  Parliament  in  1S54,  he  asserted 
that  the  downward  propulsion  which  the  breath  received  by  the  position  and 
direction  of  the  nostrils  did  not  cease,  so  far  as  the  impurities  with  which  it  is 
laden  are  concerned,  till  it  deposited  them  on  the  ground.  We  have  not  been 
able  to  verify  Mr.  Gurney's  assertion,  that  on  a  frosty  day  the  vapor  from  a 
person's  mouth  may  be  seen  to  describe  a  parabolic  curve  to  the  ground ;  but 
any  one  may  see  the  vapor  of  the  breath  driven  from  the  nostrils  taking  at  first 
a  downward,  course.  A  breath  of  fair  strength,  with  the  thermometer  near 
the  freezing  point,  may  be  seen  by  its  condensed  vapor,  driven  downward  and 
slightly  outwards,  for  a  foot  or  more.  The  subjoined  sketch  is  an  accurate  rep- 
resentation of  the  visible  breath  seen  in  air  of  twenty-six  degrees  Fahrenheit, 
the  rate  of  breathing  being  twenty-one  to  twenty- two  times  a  minute.  [The 
figures  omitted.] 

In  this  observation,  the  wind-wheel  moved  rapidly  near  the  body,  and  steadily 
at  a  distance  of  six  inches  in  front,  and  also  at  two  feet  above  the  head.  Not- 
withstanding this  upward  current,  the  breath  was  strongly  marked  by  the  con- 
densed moisture,  fourteen  inches  below  the  nostrils,  and  would  doubtless  have 
been  seen  further  down  but  for  the  dissipation  of  the  moisture.  In  a  room  with 
the  air  at  sixty -five  degrees,  the  same  wind-wheel  was  in  motion  close  to  the 
vital  parts  of  the  body,  but  stopped  entirely  at  two  or  three  inches  distance 
from  the  body,  or  above  the  head.    This  was  to  be  anticipated,  because  the 
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force  that  carries  the  wheel  is  the  rising  of  the  air  in  consequence  of  its  greater 
heat  and  lightness  than  that  of  the  surrounding  air,  and  is  proportioned  to  the 
difference  of  t£  mperature. 

In  order  to  determine  the  amount  of  heat  operating  to  cause  the  air  to  rise,  a 
thermometer  was  placed  within  the  clothing  near  the  vital  parts  of  the  body, 
where  it  was  found  to  stand  at  eighty-two  degrees,  while  the  person  remained 
iu  air  at  sixty-five;  on  going  into  air  at  twenty  degrees,  with  additional 
clothing,  the  thermometer  stood  at  seventy-six  degrees.  The  air  around  the 
body  in  a  warm  room,  therefore,  would  rise  with  a  force  not  far  from  seventeen 
degrees,  while  in  outer  air  at  twenty  degrees  it  would  rise  with  a  force  not  far 
from  fifty-six  degrees.  In  point  of  fact  we  suppose  the  air  would  rise  with  a 
velocity  somewhat  less  than  these  figures,  but,  relatively,  we  think  they  are 
nearly  correct.  A  more  sensitive  instrument  would  have  been  affected  at  a 
greater  distance,  but  the  same  wheel  showed  a  distinct  downward  motion  of  the 
breath  fifteen  inches  below  the  nostrils,  in  opposition  to  all  the  rising  tendency, 
by  reason  of  the  warmth  of  the  breath,  and  of  the  air  about  the  body;  and  this 
motion  also  would  have  been  shown  to  a  greater  distance  by  a  more  sensitive 
wheel. 

Let  us  now  suppose,  to  be  well  within  bounds,  the  breath  to  be  moved  twelve 
inches  below  the  face.  The  downward  motion  having  ceased,  the  upward  mo- 
tion should  then  begin  which  is  to  carry  the  breath  up  out  of  the  way.  This 
old  breath  has  about  one  second  in  which  to  rise,  from  rest  or  reverse  motion, 
more  than  twelve  inches,  in  order  to  be  out  of  the  way  at  the  next  inhalation. 
The  difference  of  temperature  necessary  to  give  the  breath  this  movement  of 
twelve  inches  in  the  first  second,  if  the  breath  rises  by  heat  alone,  will  surprise 
any  one  not  familiar  with  such  calculations.  It  is  not  less  than  one  hundred 
and  eighty  degrees;  that  is  to  say,  the  breath,  in  order  to  start  from  rest  and 
rise  twelve  inches  in  one  second  through  air  at  sixty -five  degrees,  would  have  to 
be  at  a  temperature  of  two  hundred  and  forty-five  degrees. 

The  absurdity  to  which  this  calculation  and  experiment  reduce  the  idea  that 
our  breath  is  carried  away  from  the  face  by  its  upward  tendency  from  heat,  is 
increased  by  the  observation,  which  every  one  may  make,  that  a  thermometer 
at  sixty-five  degrees  cannot  be  raised  more  than  one  degree  by  breathing  upon 
it  at  nine  inches  distance,  and  that  at  ten  inches  no  effect  can  be  perceived. 
But  the  upward  tendency  of  the  breath  is  doubtless  much  increased  from  the 
diffusion  and  lightness  of  its  aqueous  vapor,  and  possibly  from  other  causes, 
though,  under  the  most  favorable  circumstances,  all  causes  combined  are  not  suf- 
ficient to  carry  the  expired  breath  up  out  of  the  way  before  another  inhalation, 
as  may  be  seen  on  a  frosty  day ;  and  it  is  evident  to  all  that  the  air  contaminated 
by  the  body,  if  carried  upward,  must  in  some  measure  be  inhaled. 

The  fact,  then,  in  regard  to  the  removal  of  the  expired  air  from  the  face  is 
rather  the  reverse  of  the  theory  that  it  is  carried  upward  out  of  the  way.  It  is 
carried  downward  at  ordinary  temperatures  with  force,  as  of  a  steam-jet,  that, 
for  aught  we  know,  deposits  it  with  its  impurities,  as  Mr.  Gurney  says,  at  the 
floor.  Though  we  have  not  traced  its  descent  more  than  a  third  of  the  distance, 
a  calculation  of  its  downward  impulse  shows  it  to  be  sufficient  to  overcome  all 
the  upward  tendency  of  its  own  heat,  and  that  of  the  air  about  the  body  to  a 
considerably  greater  distance  than  that  of  the  floor.  The  supply  of  fresh  air 
for  inhalation  comes  in  from  above  and  about  the  face,  to  supply  the  partial 
vacuum  created  by  the  downward  jet;  and  in  this  jet,  as  Mr.  Gurnt  y  has 
pointed  out,  not  in  the  upward  tendency  of  the  warm  breath,  is  the  admirable 
provision  of  nature  for  carrying  away  the  expelled  air  before  more  is  to  be  in- 
haled. 

We  are  not,  however,  to  conclude  that  the  rising  force  imparted  to  the  air 
about  a  person,  by  heat  of  skin  and^ lungs,  is  absolutely  nothing,  although  in 
warm  rooms  it  is  practically  of  small  account.    More  heat  is  given  off  from  the 
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body  by  radiation  than  by  contact  of  air.  Enclose  a  person  in  a  non-conduct- 
ing cylinder  not  much  above  his  size,  and  the  accumulation  of  heat  about  him 
would  give  some  force  to  the  air.  And  so,  in  an  assembly,  the  heat  accumu- 
lated around  and  among  the  persons  gives  the  air  a  certain  amount  of  rising 
force.  Taking  for  a  basis  Pdclet's  estimate  of  the  amount  of  heat  given  off  by 
an  individual  in  moderate  temperature,  the  upward  force  given  to  air  by  three 
hundred  persons  in  an  hour  would  be  equal  to  the  power  of  five  pounds  of  coal. 
This  is  an  extreme  outside  calculation  of  the  force  of  the  heat  imparted  by  the 
body.  If  the  usual  datductions  should  be  made  for  the  wasteful  manner  of  this 
application  of  heat  to  raise  the  air,  less  than  half  this  amount  of  coal  would  be 
seen  to  balance  the  elevating  effect  on  the  air  of  three  hundred  persons. 

Yet,  on  the  assumption  of  an  effective  lifting  power  in  the  heat  given  off  from 
tbe  body  has  been  based  the  prevailing  system  of  ventilation — that  is,  of 
taking  the  fresh  air  in  at  the  bottom  of  the  room  and  the  foul  air  out  at  the  top. 
This  is  claimed  to  be  the  natural  system,  and,  therefore,  the  cheapest  and  best. 
The  claim  is  admissible  in  cases  where  no  power  exists  to  change  the. air  except 
this  slight  difference  of  temperature;  but  what  becomes  of  it  incases  where  tons 
of  coal  are  burnt  a  day  for  the  sole  purpose  of  producing  a  power  to  move  the 
air,  and  where,  as  is  common,  all  the  air  taken  out  at  the  top  is  brought  down 
again  in  pipes  to  the  ground  before  being  sent  off  through  a  chimney  shaft?  Is 
it  not  more  natural,  cheaper,  and  better  to  go  on  as  nature  begins,  and  take  the 
foul  air  of  breath  and  body  directly  down  through  the  floor  to  its  exhausting 
chimney  ? 

These  two  theories  of  ventilation  have  been  often  argued  and  both  practiced 
with  varying  success.  We  will  consider  the  circumstances  of  a  large  hall  of 
assembly,  and  show  the  operation  of  the  two  systems. 

We  must  suppose  a  floor  well  packed  with  people,  at  the  bottom  of  a  cubical 
or. hemispherical  hall ;  suppose  them  to  have  entered  at  once,  the  hall  being  pre- 
viously filled  with  pure  air ;  directly  the  whole  lower  stratum  of  air,  iu  which 
the  audience  are,  is  contaminated  by  their  exhalations  and  emanations.  Now, 
the  problem  is  to  get  that  stratum  of  air  out  of  the  hall  before  any  of  it  can 
come  to  use  again,  and  to  replace  it  with  fresh  air  of  the  right  temperature.  It 
is  obvious  that  it  cannot  be  taken  out  sideways,  because  then  many  would  have 
to  breathe  over  again  the  breath  of  others.  It  can  be  taken  only  either  up  or 
down.  If  it  is  taken  up,  the  fresh  air  that  is  to  supply  its  place  must  enter  at 
tbe  floor  from  which  the  foul  air  rises,  for  no  air  will  leave  a  spot  till  other  air 
is  ready  to  fill  its  place.  In  order,  then,  to  lift  the  whole  of  the  foul  air  bodily 
from  tbe  floor,  it  is  necessary  that  the  whole  floor  should  be  opeu  for  the  admis- 
sion of  fresh  air.  Wherever  there  is  a  piece  of  solid  floor  through  which  the 
air  cannot  pass,  there  will  be  a  dead  space  of  foul  air  above  it,  which  will  not 
rise  with  the  rest,  but  will  remain  to  be  gradually  mixed  with  the  fresh  air  en- 
tering around  it.  If  the  dead  space  is  considerable,  the  whole  amount  of  air 
required  must  enter  in  the  limited  space  of  the  openings,  and  the  velocity  must 
be  proportionately  increased.  According  as  this  space  is  reduced  and  the  velo- 
city, increased,  the  air  entering  has  a  force  that  carries  it  up  beyond  the  place 
where  it  is  to  be  used,  and  mixes  it  with  the  foul  air  passing  off ;  a  part  of 
which  mixture  will  return  in  counter-currents  and  gradually  replace  the  air  in 
the  dead  spaces.    The  operation  may  be  seen  by  a  simple  experiment. 

Take  a  bucket-full  of  turbid  water  and  lower  it  into  a  tub  of  clear  water  of 
equal  temperature  and  density.  If  the  bottom  of  the  bucket  could  be  removed 
without  disturbance,  the  sides  might  be  lowered  gently  and  the  clear  water 
would  replace  the  turbid  water  in  the  bucket  completely,  without  much  mixing. 
So,  too,  if  the  bottom  of  the  b  icket  is  entirely  perforated,  leaving  very  slender 
partitions  between  the  perforations,  the  clear  water  may  replace  the  turbid  with 
little  disturbance  and  mixing.  But  if  the,  perforations  are  limited  to  holes  of, 
say,  half  the  space  in  the  bottom,  on  pushing  down  the  bucket  the  clear  water 
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will  rush  up  into  the  midst  of  the  turbid  water,  and  the  turbid  water  on  the 
solid  spaces  of  the  bottom  will  remain,  till,  mixed  by  friction  and  counter-cur- 
rents with  the  pure  water,  it  is  gradually  carried  up.  The  fewer  and  smaller 
the  holes  the  longer  the  turbid  water  will  remain  in  the  dead  spaces ;  and,  if  its 
turbidness  is  from  a  constant  source,  it  will  be  likely  to  increase  rather  than 
diminish. 

Dr.  Reid,  the  most  scientific  and  experienced,  perhaps,  of  ttie  advocates  of  the 
upward  system,  seeing  this  necessity  for  introducing  his  fresh  air  through  the 
whole  extent  of  the  floor,  when,  after  experience  in  the  temporary  houses  of 
Parliament,  he  was  called  upon  to  arrange  the  ventilation  of  the  new  House  of 
Commons  in  Westminster  Palace,  had  the  entire  floor  made  of  perforated  iron. 
This  was  afterwards  covered  with  haircloth  carpeting,  and  through  nearly  its 
whole  extent  the  fresh  air  was  admitted.  No  expense  was  spared,  and  the 
system  was  tried  for  some  years  under  the  most  favorable  circumstances.  The 
result  was,  that,  on  acconnt  of  the  raising  of  dust  by  the  entering  air,  and  still 
more  on  account  of  the  uncomfortable  draughts  brought  up  against  the  honora- 
ble members'  legs,  nine-tenths  of  the  floor  came  to  be  covered  with  sheet  lead 
under  the  carpet.  And  when  the  entrance  for  fresh  air  was  thus  limited,  it  be- 
ing through  the  carpet  but  a  fraction  of  the  nominal  extent,  complaints  became 
so  loud  both  of  strong  currents  and  of  foulness  of  air,  that  the  whole  matter  of 
ventilation  was  turned  over  to  Mr.  Goldsworthy  Gurney,  who  undertook  it  on 
the  opposite  system  of  introducing  the  fresh  air  above  and  taking  out  the  foul 
air  at  the  floor. 

In  the  French  senate  chamber,  formerly  supplied  with  fresh  air  through  the 
rising  steps  behind  the  members'  seats,  these  openings  were  closed  because  of 
the  draughts  about  the  senators'  legs,  and,  according  to  Morin,  in  1862  they 
had  no  ventilation  at  all. 

Such  are  some  of  the  difficulties  of  changing  the  air  of  a  crowded  hall  by  in- 
troducing it  at  the  bottom  and  taking  it  out  at  the  top.  To  avoid  them,  Sir 
Charles  Barry,  the  architect  of  the  new  houses  of  Parliament,  introduced  his 
main  supply  of  fresh  air  in  the  House  of  Lords  through  the  middle  compartment 
of  the  ceiling,  expecting  it  to  descend  to  the  floor,  then  to  rise  at  the  sides,  and 
to  be  taken  out  in  the  side  compartments  of  the  ceiling.  This  was  expecting 
too  much  of  atmospheric  nature,  and,*  after  a  few  years'  trial,  this  hall,  too,  was 
given  over  to  Mr.  Gurney,  who  proposed  to  take  the  air  out  at  the  floor.  We 
shall  not  dwell  on  the  system  of  taking  both  the  fresh  air  in  and  the  foul  air 
out  at  the  top,  or  on  that  of  taking  the  fresh  air  in  and  the  foul  air  out  at  the 
bottom,  because  these  systems,  to  be  equally  effectual,  must  double  the  amount 
of  current  that  would  be  caused  by  taking  the  air  in  one  way  and  out  the 
other,  and  are  for  that  reason  not  to  be  recommended  for  large  halls,  where  the 
great  difficulty  is  to  change  the  air  fast  enough  without  making  unpleasant  cur- 
rents. 

Introducing  the  air  at  the  upper  part  of  a  hall,  and  taking  it  out  at  the  bot- 
tom, known  as  downward  ventilation,  has  certain  obvious  advantages  :  1.  It 
takes  the  emanations  of  the  skin  and  lung3  out  of  the  room  immediately  after 
they  are  given  off,  before  they  have  a  chance  to  be  inhaled.  2.  Consequently, 
the  fresh  air  coming  unimpaired  directly  to  the  heads  of  the  audience,  a  much 
less  supply  is  required  to  secure  the  freshness  of  what  is  inhaled  than  is  neces- 
sary when  the  new  air  is  brought  first  to  the  feet,  or  becomes  mixed  with  foul 
currents.  3.  The  warm  air  introduced  has  the  opportunity  of  spending  some- 
thing of  its  heat  on  the  ceiling  and  walls  before  it  comes  to  be  breathed,  instead 
of  being  breathed  at  its  highest  temperature.  4.  The  fresh  air  is  diffused-  over 
the  whole  area  of  the  hall,  even  if  introduced  through  few  apertures,  before 
reaching  the  audience;  by  which  means  the  air  is  brought  upon  them  more 
gently  than  if  it  came  directly  upon  them  through  limited  apertures.  The 
greater  the  number  and  area  of  apertures  for  the  exit  of  the  foul  air  at  the 
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floor,  tlie  better,  and  the  less  will  the  current  be  felt.  But  this  current,  being 
downwards,  will  always  be  felt  in  a  much  less  degree  than  a  similar  current  up- 
wards about  the  legs,  for  obvious_  reasons ;  and  the  dust  and  odors  of  the  floor 
will  be  carried  down,  insteaar_ofrup  into  the  air  to  be  breathed. 

For  illustration  of  downward  ventilation,  take,  as  before,  a  bucket  of  water, 
turbid  near  the  bottom,  and  sink  it  in  a  tub  of  clear  water.  Suppose  the  bot- 
tom to  be  well  perforated,  or  even  but  partially  so,  clear  water  coming  in  at  the 
top,  as  the  bucket  is  raised,  will  force  out  the  turbid  water  very  effectually  at 
the  bottom,  whatever  may  be  the  position  of  the  openings  at  the  top.  In  other 
words,  air  passing  through  a  room  will  drive  out  more  thoroughly  and  uniformly 
the  air  at  the  side  at  which  it  goes  out  than  that  at  the  side  it  enters. 

The  gain  effected  by  bringing  the  fresh  air  to  the  face,  to  be  breathed  before 
it  sweeps  the  body,  is  quite  important.  It  may  be  estimated  by  considering 
how  much  less  supply  of  fresh  air  would  be  sufficient  for  a  man  enclosed  in  a 
cylinder  just  large  enough  to  hold  him,  in  case  the  air  came  down  to  his  head 
first,  than  in  case  it  came  to  his  feet  first,  and  up  by  his  body  to  the  face.  A 
crowded  assembly  may  be  considered  as  a  set  of  such  cylinders,  closely  packed 
together,  with  their  occupants  like  bees  in  their  cells.  The  great  advantage,  in 
point  of  economy  of  freshness,  of  sending  the  air  downwards,  instead  of  up- 
m aids,  is  here  very  apparent;  and  it  is  obvious  that  in  the  one  case  may  be  ob- 
tained perfect  purity  of  the  air,  while  in  the  other  it  can  never  be  more  than  an 
approximation. 

The  heating  of  the  walls,  ceiling,  floor,  and  furniture  of  a  hall  is  of  great  im- 
portance. Otherwise,  very  hot  air  will  not  suffice  to  keep  the  occupants  com- 
fortable. If,  as  in  most  cases,  this  heating  is  to  be  done  by  the  warm  air  alone, 
the  more  there  is  accomplished  before  the  air  is  breathed,  the  less  will  be  the 
comparative  heat  of  the  air  entering  the  lungs. 

This  we  consider,  in  itself,  a  decided  advantage,  and  it  is  obtained  in  greater 
degree  when  the  warm  air  is  introduced  above  than  when  it  enters  at  many 
points  through  the  floor. 

When  the  air  is  introduced  at  the  top  of  a  hall  and  drawn  out  at  the  bottom, 
it  is  rapidly  diffused  through  the  whole  upper  space,  and  then  begins  to  descend 
slowly  aud  very  uniformly  to  the  floor.  This  is  the  case  even  at  present  in  our 
representatives  hall,  where  the  warm  air  enters  at  a  single  opening  above  the 
Speaker's  chair.  This  air  rises  at  once  into  the  dome  of  the  hall,  as  seen  by 
experimental  balloons,  where  it  is  'quickly  diffused,  and  then  descends  almost 
vertically  in  all  part's  of  the  hall  to  the  floor.  This  arrangement,  though  de- 
signed only  as  a  temporary  and  experimental  step  to  the  still  better  plan  of 
introducing  the  air  directly  into  the  dome,  proves,  in  a  degree,  that  much  greater 
gentleness  and  uniformity  of  motion,  with  freedom  from  needless  currents,  may 
be  obtained  with  downward  ventilation  than  it  is  possible  to  have  with  upward 
ventilation.  For,  in  the  latter,  the  rising  air  can  occupy  but  very  much  less 
space,  must  have,  at  the  level  of  the  audience,  proportionally  greater  velocity, 
and  must  alternate  with  additional  counter-currents. 

The  objections  to  the  downward  system  are  :  1.  Its  supposed  antagonism  to 
the  natural  laws  of  upward  movement  of  heated  air.  2.  The  supposed  greater 
heat  of  the  upper  air  in  the  hall  under  that  system. 

The  first  objection  we  have  already  sufficiently  considered.  Practically,  even 
those  who  favor  upward  ventilation  admit  that  there  is  no  difficulty  in  taking 
the  foul  air  out  at  the  bottom  by  the  application  of  a  moderate  force ;  and  noth- 
ing in  the  art  of  ventilation  is  more  universally  admitted  than  the  necessity, 
under  any  form  of  ventilation,  in  all  public  buildings,  for  the  employment  of 
some  special  power. 

Nor  is  the  objection  strengthened  materially  by  the  common  impression  or 
greater  foulness  at  the  top  than  at  the  bottom  of  a  crowded  ro.om.  There  is  some 
truth  in  this  impression,  in  regard  to  rooms  which  have  no  ventilation,  though 
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most  careful  experiments  by  eminent  chemists  fail  to  show  any  considerable  or 
uniform  increase  in  carbonic  acid  in  the  upper  part  of  crowded  balls  ;  perhaps 
as  many  experiments  have  shown  the  greater  amount  at  the  bottom  as  have 
shown  it  at  the  top.  What  slight  increase  there  may  sometimes  be  at  the  hot- 
test state,  is  probably  more  than  lost  as  the  heated  carbonic  acid  cools,  and,  to 
some  extent,  sinks  from  its  weight.  Sensitive  observers,  too,  have  found  that 
though  the  upper  portion  of  a  heated,  ill-ventilated  hall  smells  most  offensively, 
and,  from  its  heat,  is  oppressive,  the  lower  portion  most  seriously  affects  their 
state  of  health.  In  our  representatives  hall,  there  has  been  the  most  serious 
complaint  of  oppression  on  the  lowest  portion  of  the  floor,  around  the  Speaker's 
desk.  In  point  of  fact,  we  believe,  the  idea  of  the  greater  foulness  of  air  at  the 
top  arises  mainly  from  crowded  evening  assemblies,  where  the  heated  products 
of  combustion  from  gas-lights  contaminate  the  upper  air  to  a  great  extent. 

It  is  of  the  utmost  consequence  that  these  products  should  have  some  direct 
means  of  removal.  This  is  provided  for  in  the  best  ventilated  halls  by  so  dis- 
posing the  gas-burners  that  they  may  have  direct  and  independent  outlets  for 
their  smoke  and  gas.  Another  obvious  explanation  of  the  frequent  greater  im- 
purity of  the  upper  air  in  crowded,  ill-ventilated  halls,  is  that,  without  special 
force  of  supply,  there  is  always  a  rush  of  fresh  air  into  the  hall  through  the 
door,-;  as  they  are  frequently  opened  ;  this  air  being  cooler,  of  course,  forces  the 
warm  foul  air  upwards.  After  all,  the  greater  heat  at  the  top  of  the  room  is 
probably  the  chief  cause  of  the  impression  of  greater  foulness,  though  with  the 
heat  may  be  associated  some  light  odorous  gases.  But  all  this  is  of  no  import- 
ance against  systematic  downward  ventilation.  When  the  foul  air  is  taken  off 
at  the  bottom,  it  is  no  longer  found  in  excess  at  the  top. 

Morin's  very  accurate  experiments  in  the  smaller  hall  of  the  Conservatory  of 
Arts  and  Trades,  ventilated  from  above  downward,  show,  on  the  average,  a  scarcely 
perceptible  difference  between  the  temperature  of  the  air  above  and  that  below. 
In  our  own  representatives'  hall,  where  now  the  warm  air  is  introduced  thirteen 
feet  above  the  Speaker's  platform,  and  the  foul  air  taken  out  at  the  floor,  though 
the  arrangements  for  supply  and  exhaust  are,  at  present,  quite  limited  and  much 
less  than  we  should  desire,  we  have  found  as  the  average  of  over  five  hundred 
observations  in  eighty-six  different  positions,  with  the  exhaust  ducts  open,  the 
temperature  opposite  the  gas-btirnei-3  above  the  gallery  only  about  two  and  one- 
half  degrees  above  the  average  throughout  the  hall  ;  while  that  of  the  lower 
seats  was  not  two  and  one-half  degrees  below  the  average.  When,  however, 
in  the  midst  of  these  observations,  the  exhaust  ducts  were  temporarily  closed, 
the  difference  soon  doubled,  though  the  whole  average  temperature  was  slightly 
lowered. 

To  give  these  results  more  in  detail : 


Observations  in  level  planes. 


Average  in  dome  of  hall  

Average  opposiic  gas-lights  above  gallery 
Average  opposite  gas-lights  below  gallery 

Aveiage  in  the  seats  

Average  throughout  the  hall  


VENTILATING  DUCTS. 
Open.  Closed. 


71.4(5° 
G8. 57° 
(Hi.  (>:i° 
Gti. 8G° 


85° 
73. 54° 
66. 50° 
(53. 72° 
G8. 17° 


It  is  essential  to  the  system  of  downward  ventilation,  as  well  as  to  all  other 
systems,  that  a  constant  current  should  be  maintained  by  keeping  the  inlet  and 
outlet  always  open.  When  less  heat  is  desired,  the  change  must  be  effected, 
not  by  stopping  the  warm-air  inlet,  but  by  letting  into  it  cooler  air.  And  when 
the  heat  of  the  room  goes  off  too  fast,  especially  when  it  is  empty,  the  heat 
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may  be  economized  by  letting  tbc  air  at  the  floor  back  into  the  heating  cham- 
ber instead  of  out  of  doors. 

In  support  of  the  downward  system,  we  will  only  refer  to  Mr.  Goldsworthy 
Gurney's  testimony  before  the  committees  of  both  houses  of  Parliament,  who 
has  for  the  last  ten  years  had  charge  of  the  ventilation  of  the  houses  of  Par- 
liament, and  who  has  introduced  the  downward  system  with  great  success,  in 
court-houses  and  other  public  buildings,  in  England ;  to  the  book  of  Mr.  Itut- 
tan,  of  Canada,  who  has  introduced  the  system  most  successfully  in  railway 
cars,  on  some  of  our  roads,  as  well  as  in  buildings  ;  and  to  the  conclusions  of 
General  Morin,  Avell  known  for  his  valuable  scientific  works  on  different  de- 
partments of  engineering,  and  the  author  of  the  latest  and  most  elaborate  work 
on  ventilation,  (Etudes  sur  la  Ventilation,  Paris,  1S63,  2  vols.  Svo,  pp.  1017.) 
General  Morin  says,  in  treating  of  the  ventilation  of  large  halls  : 
"  The  numerous  observations  which  I  have  gathered,  and  which  any  one 
may  repeat,  have  shown  me,  as  I  have  already  said,  that  there  are  very  sensi- 
ble inconveniences  in  making  the  new  air,  warm  or  cold,  enter  near  the  occu- 
pants of  a  hall. 

"  This  air  is  always  necessarily  at  a  temperature  different  from  that  of  the 
hall ;  warmer,  if  it  is  desired  to  raise  or  even  sometimes  to  maintain  the  inside 
temperature,  as  is  the  case  in  winter,  to  compensate  the  cooling  effect  of  the 
walls,  and  when  there  are  few  present ;  and,  on  the  other  hand,  cooler,  if  the 
outer  temperature  is  somewhat  high,  and  if  there  are  many  occupants. 

"  In  the  one  case,  as  in  the  other,  the  neighborhood  of  the  apertures  for  the 
entrance  of  air  is  disagreeable,  and,  whatever  care  is  taken  to  limit  the  velocity 
by  giving  the  apertures  the  greatest  possible  extent,  it  is  seldom  that  the 
velocity  can  be  less  than  1.3  to  1.7  feet  per  second,  from  which  there  is  some- 
times an  uncomfortable  sensation." 

After  referring  to  the  experience  in  the  English  House  of  Commons,  and  to 
that  in  the  French  senate  chamber,  in  both  of  which  the  apertures  for  the 
admission  of  air  had  been  gradually  closed,  because  of  the  objectionable  cur- 
rents, till  ventilation  had  almost  ceased,  General  Morin  continues  : 

"  It  does  not  seem  to  me,  then,  suitable  for  amphitheatres,  or  for  any  other 
place  of  a  similar  kind,  to  admit  the  new  air  through  the  floor,  by  the  steps  or 
the  step-risers.  On  the  contrary,  here  as  elsewhere,  the  air  should  be  made  to 
enter  as  far  as  possible  from  the  audience ;  and  as  it  may  be  often  necessary  the 
-same  day,  and  from  time  to  time,  to  vary  the  temperature  of  the  air  admitted, 
within  certain  limits,  arrangements  must  be  adopted  which  will  render  the  mix- 
ing of  warm  and  cold  air  as  complete  and  as  easy  to  modify  as  possible,  before 
it  comes  in  contact  with  the  audience.  This,  it  must  be  said,  is  the  most  deli- 
cate condition  to  well  fulfil,  and  amphitheatres  are,  perhaps,  the  case  in  which 
the  difficulty  is  presented  in  the  highest  degree. 

"  After  having  reflected  much  and  observed  well  the  various  effects  of  the 
introduction  and  evacuation  of  the  air,  this  is  the  solution  which  has  seemed  to 
me  the  surest,  and  which  I  have  settled  upon  for  the  amphitheatres  of  the  Con- 
servatory of -Arts  and  Trades.  It  has  already  been  applied  to  one  of  them  as 
completely  as  the  local  conditions  would  permit  in  a  building  of  old  construction. 
The  vitiated  air  being  that  which  it  is  necessary  to  draw  out,  it  is  desirable  to 
hinder  it  from  diffusing  in  the  hall,  and  consequently  to  extract  it  at  the  spot 
where  it  is  vitiated,  that  is  to  say,  as  near  as  possible  to  the  individual  occu- 
pants, through  perforations,  in  the  risers,  or  backs  of  the  steps,  in  order  to  mako 
it  pass  out  under  the  amphitheatre. 

"  The  introduction  of  fresh  air  presents  two  principal  phases,  quite  distinct. 

"  In  the  first,  which  precedes  the  arrival  of  the  people,  the  amphitheatre 
should  be  brought  up  to  a  moderate  temperature,  which  may,  however,  be  raised 
to  64.4°.  At  this  moment  it  is  evident  that  the  movement  of  air  from  inside  to 
outside  of  the  hall  should  be,  in  general,  completely  interrupted;  and  in  order 
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that  thore  may  be  established  throughout  the  hall  a  suitable  temperature,  it 
seems  natural  to  allow  the  warm  air  to  be  introduced  then  by  passages  commu- 
nicating with  the  heaters  and  opening  through  the  floor  at  the  lowest  points. 

"In  the  second  period,  on  the  contrary,  soon  after  the  entrance  of  the  audi- 
ence, and  according  to  their  number,  more  or  less,  we  must  extract  a  portion  of 
the  air  now  vitiated  and  more  or  less  heated,  and  replace  it  with  pure  air.  But 
this  fresh  air  would  be,  as  is  daily  observed,  very  uncomfortable  if  its  temper- 
ature were  much  lower  than  that  of  the  air  of  the  hall,  and  especially  if  it 
flowed  in  too  near  the  audience. 

"  From  this  results  :  1.  The  necessity  of  introducing  the  fresh  air  first  into 
a  receiver,  which  Ave  call  the  mixing  chamber,  where,  by  the  simultaneous  en- 
trance of  hot  air  and  cool  air,  in  proportions  which  can  be  easily  regulated,  the 
means  are  kept  of  admitting  into  the  hall  only  air  of  the  desired  temperature. 
2.  The  obligation,  not  less  imperative,  to  place  the  openings  for  the  admission 
of  this  fresh  air  as  far  as  possible  from  the  audience,  that  is  to  say,  about  the 
ceiling  of  the  amphitheatre,  if  the  circumstances  of  the  place  permit,  or  at  least 
at  a  considerable  height.  In  general,  whenever  the  construction  will  permit,  it 
is  preferable  to  bring  the  fresh  air  through  the  ceiling  or  the  cornice  by  open- 
ings so  proportioned  that  the  mean  velocity  of  the  air  will  not  exceed  1.3  to  1.7 
feet  per  second." 

The  general  rules  adopted  by  Morin  are  as  follows  : 

"  1.  Place  the  exhaust  orifices  as  near  the  points  where  the  air  is  vitiated  as 
possible. 

"  2.  Have  as  many  orifices  of  exhaustion  as  the  construction  of  the  building 
will  admit  of. 

"  3.  Orifices  of  exhaustion  should  be  so  proportioned  that  the  velocity  of  air 
passing  through  them  may  be  from  2.6  to  3.3  feet  per  second. 

"  4.  Unite  the  different  groups  only  by  entering  them  into  the  common  con- 
duit, or  into  the  chimney  of  exhaust,  and  as  far  as  possible  from  their  openings 
into  the  rooms.  Arrange  in  such  a  manner  that  they  can  be  easily  examined 
and  repaired.    Protect  from  cold. 

"Do  not  place  the  orifices  for  the  entrance  of  fresh  air  near  the  floor;  it  is 
proved,  in  the  French  Senate,  that  where  the  orifices  were  near  the  floor,  cur- 
rents of  warm  air,  having  a  velocity  of  from  one  and  three-tenths  to  one  and 
seven-tenths  feet  per  second,  were  disagreeable;  currents  of  cold  air  should  be 
avoided  for  much  stronger  reasons. 

"  The  above  is  agreeable  to  the  conclusions  of  both  French  and  English  en- 
gineers." 

The  whole  discussion  of  the  matter  of  ventilation  before  committees  of  Par- 
liament for  twenty  years,  ending  some  ten  years  ago,  is  full  of  interest  and  in- 
struction ;  through  it  all  Mr.  Gurney  appears  in  behalf  of  downward  ventila- 
tion, in  opposition  to  Dr.  Reid,  who,  for  that  time,  was  attempting  to  ventilate 
the  houses  of  Parliament  satisfactorily  on  the  upward  system.  When,  in 
1854-n,  the  committees  of  both  houses  determined  to  give  their  ventilation  into 
the  hands  of  Mr.  Gurney,  they  seem  to  have  adopted  the  conclusion  of  Mr. 
Robert  Stephenson,  who,  himself  a  member,  was  examined  by  a  committee  of 
the  House  of  Commons  in  1S52,  and  testified  that  for  a  crowded  hall  he  pre- 
ferred downward  ventilation,  unless  the  gas-lights  should  interfere ;  and  that  it 
was  as  easy  to  draw  the  air  out  downward  as  upward. 

Dr.  Morrill  Wyman,  whoso  little  treatise  on  ventilation  contains  more  scien- 
tific and  sensible  information  on  the  subject  than  almost  any  other  book  in  the 
English  language,  though  he  gives  assent  to  the  prevailing  theory  of  upward 
ventilation,  says  : 

"There  is  no  impossibility,  however,  of  producing  a  constant  and  equable  down- 
ward movement,  which  shall  also  effectually  prevent  all  respired  air  from  being 
again  presented  to  the  organs  of  respiration.    The  first  movement  of  expired  air 
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is  from  the  mouth,  horizontally,  and  from  the  nostrils,  downward,  before  it  be- 
gins to  rise  ;  consequently,  a  downward  current  may,  without  much  difficulty,  be 
brought  to  bear  upon  and  remove  it. " 

As  regards  the  manner  of  applying  power  t'>  effect  the  change  of  air,  it  is  some- 
times applied  to  the  exhaustion  of  the  foul  air,  and  sometimes  to  tlie  supply  of 
fresh  air.  Either  way  is  effectual  in  a  degree,  but  neither  alone  accomplishes 
quite  all  that  is  to  be  desired.  Forcing  the  fresh  air  in  abundantly  will  drive 
out  the  air  already  in  the  hall  at  every  outlet,  and  it  is  essential  for  security 
against  the  intrusion  of  cold  currents  through  cracks  and  doorways.  But  it  will 
drive  the  air  out  mainly  at  the  easiest  outlets,  and  some  of  the  most  important 
may  be  neglected,  because  of  being  out  of  the  easiest  way  for  the  air  to  pass. 
The  only  sure  way  to  get  the  air  out  just  where  you  want  it  to  go  out  is  to  ap- 
ply an  exhausting  force  at  the  outlets,  to  guide  and  assist  the  expelling  force. 
The  filling  method  is  called  the  plenum  method,  and  the  exhausting  the  vacuum 
method.  Much  has  been  said  about  the  superiority,  for  working  vigor,  of  air  in 
a  plenum,  or  over-pressure  condition.  There  is  no  doubt  of  the  fact  that  under 
a  high  atmospheric  pressure  a  man  has  gi'eater  power  than  under  a  low  pressure. 
But  the  amount  of  superior  pressure  that  can  be  obtained  in  a  common  hall  is 
very  slight,  and  can  hardly  have  a  perceptible  effect.  A  nearly  even  balance 
of  the  filling  and  exhausting  forces,  making  the  in-door  barometer  about  the  same 
as  the  out-door,  but  with  the  filling  force  enough  in  excess  to  keep  out  all  air 
seeking  to  enter  without  leave,  is  the  most  economical  and  satisfactory  condition 
to  obtain. 


EVIDENCE. 

Wednesday,  January  25,  1S65. 

Committee  met  at  7  o'clock  p.  m. 
Present : 

Mr.  Buckalew,  chairman, 

Mr.  Howard, 

Mr.  Pike. 

Dr.  Thomas  Antisell  called  and  examined. 
By  the  chairman : 

Question.  State  whether  you  have  examined  the  plans  of  Mr.  Anderson  which 
are  before  the  committee. 

Answer.  I  have  examined  his  plans,  and  I  have  also  read  his  paper  explana- 
tory of  them. 

Question.  I  will  ask  you  in  reference  to  shafts  outside  the  building,  say 
thirty  feet  high,  for  obtaining  the  air  in  the  first  instance;  whether  that  plan 
is  eligible,  and  what  would  be  its  advantages  over  the  present  system  of  ob- 
taining air  from  the  level  of  the  terrace? 

Answer.  1  do  not  think  a  shaft  of  that  height  is  necessary,  because  this 
building  is  placed  so  far  above  the  average  surface-level  of  the  country  as  to 
relieve  the  air  from  the  effect  of  immediate  contact  with  the  ground.  The  air 
lying  immediately  on  the  ground  without  motion  is  cool  for  three  or  four  feet, 
and  therefore  a  shaft  three  or  four  feet  high  would  be  all  that  is  needed.  A 
high  shaft  is  objectionable  in  consequence  of  increasing  the  friction  caused  by 
the  air  passing  through  it;  of  course  requiring  increased  power  to  overcome 
the  friction. 

Question.  Would  there  not  be  an  advantage  in  shafts  of  some  elevation  in 
order  to  avoid  the  dust  and  dirt  ? 
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Answer.  I  think  not.  You  would  have  to  go  higher  than  twenty-five  or 
thirty  feet  to  give  any  considerable  protection  against  dust. 

Question.  Then  the  degree  of  effect  produced  in  that  regard  would  depend 
upon  the  height,  would  it  not  ? 

Answer.  The  height  of  twenty-five  or  thirty  feet  would  not  produce  much 
difference  in  respect  to  dust.  We  should  not  take  air  from  the  immediate  con- 
tact with  the  ground,  which  is  cold,  hut  three  or  four  feet  elevation  would  ob- 
viate that  difficulty. 

Question.  Would  there  not  be  some  impurities  contained  in  the  air  within 
three  or  five  feet  of  the  ground  that  it  would  not  contain  twenty-five  or  thirty 
feet  above? 

Answer.  I  do  not  think  there  would  be  any  material  difference. 
Question.  I  understand  you  to  speak  with  reference  to  the  particular  location 
of  the  Capitol  ? 

Answer.  I  am  speaking  with  reference  to  this  particular  point  or  place. 
Question.  That  you  are  not  pronouncing  a  general  judgment,  but  applying 
your  opinion  to  this  particular  case  ? 
Answer.  Yes,  sir. 

Question.  With  regard  to  the  second  point  in  these  plans,  of  providing  a  jet 
or  jets  of  water  near  the  entrance  where  the  air  is  drawn  into  the  building,  the 
jet  projecting  into  the  current  of  air,  is  that,  in  your  judgment,  an  idea  of  utility 
and  value,  or  not  ? 

Answer.  That,  I  believe,  is  no  part  of  the  original  plan.  It  would  remove 
any  existing  carbonic  acid  that  might  exist  in  the  external  air,  but  would  not, 
I  think,  remove  any  solid  bodies  the  air  might  contain. 

Question.  In  reference  to  the  power  proposed  for  propelling  the  air  toward 
the  halls,  Mr.  Anderson  suggests  the  erection  of  a  fan  for  that  purpose ;  I  desire 
to  know  whether,  in  your  opinion,  that  is  a  proper  instrument? 

Answer.  It  is  the  most  effective,  but  not  the  most  economical.  The  chief 
power  should  be  placed  at  the  point  where  the  air  is  thrown  out  or  removed 
from  the  building.  I  look  upon  the  first  fan  as  of  secondary  importance,  com- 
pared with  the  fan  which  is  placed  at  the  point  where  the  air  is  removed.  The 
object  is,  to  remove  the  air  that  has  become  impure;  and  it  may  be  done  much 
easier  and  with  more  certainty  if  the  power  is  applied  at  the  removing  point. 

Question.  Would  a  fan  be  the  proper  means,  in  your  opinion,  of  accomplishing 
that  object  ? 

Answer.  I  think  it  is  the  most  effective  power  for  a  building  of  this  magni- 
1  tude.  There  arc  other  kinds  of  power  sometimes  used ;  such  as  the  aspirating 
.  power,  applied  by  means  of  fires  in  chimnies,  causing  the  expansion  of  the  air, 
.  and  the  ordinary  mode  of  doors  and  windows,  which  is  impracticable  in  the 
|  present  arrangement  of  this  building. 

Question.  Then  the  question  is  between  fans  and  chimnies? 

Answer.  Yes,  sir. 

Question.  In  admitting  the  air  into  the  chamber  above  or  below,  what  is  your 
opinion  of  its  admission  by  diffusion  through  numerous  openings? 

Answer.  That  would  be  a  necessity ;  otherwise,  in  admitting  the  amount  of 
i  air  required  for  these  large  rooms,  a  terrible  current  would  be  created.  It  is 
necessary  that  it  should  be  distributed. 

Question.  In  short,  its  distribution  at  the  time  of  entering  the  room  is  neces- 
sary for  successful  ventilation? 

Answer.  Yes,  sir ;  the  amount  of  air  required  for  a  single  person  in  a  public 
room  is  a  thousand  feet  an  hour;  and  the  introduction,  in  a  single  current,  of  the 
air  required  for  one  of  the  chambers  in  this  building,  would  produce  a  perfect 
whirlwind. 

Question.  With  regard  to  the  mode  of  exhausting  the  air  or  removing  it  from 
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the  halls,  do  you  speak  of  the  fan  as  the  most  efficient  power  for  accomplishing 
that  purpose '( 

Answer.  Yes,  sir;  it  is  the  most  effective. 

Question.  What  is  the  effect  upon  the  character  of  the  air  of  taking  it,  as  we 
do  at  present,  at  a  temperature  of  30°,  passing  it  through  a  closed  dry  space, 
heating  it  to  the  temperature  of  75°  ? 

Answer.  By  increasing  the  heat  45°  the  air  is  expanded  forty-five  four  huu 
dred  and  eightieths,  or  one-twelfth  of  its  bulk.  The  result  of  that  expansion  is, 
that  the  same  quantity  of  water  which  was  in  a  cubic  foot  originally  is  now  in 
a  cubic  foot  and  a  twelfth.  The  moisture  is  therefore  relatively  diminished,  and 
the  air  becomes  drier.  The  fact  that  ah*  becomes  drier  in  the  process  of  ex- 
pansion constitutes  one  of  the  great  difficulties  in  ventilation. 
"  Question.  Is  not  the  air  very  much'  changer]  in  reference  to  the  moisture  it 
contains,  by  this  process,  from  the  condition  of  the  external  air  at  the  same 
temperature  ? 

Answer.  The  quantity  of  water  in  the  external  air  depends  upon  the  temper- 
ature, and  upon  nothing  else.  There  is  a  certain  amount  of  water  in  a  cubic 
foot  of  air  at  a  temperature  of  75°  ;  being  a  little  more  than  four  times  as  much 
as  is  contained  in  a  cubic  foot  of  air  at  32°. 

Question.  Is  it  necessary  then,  in  cases  like  that  of  our  building,  in  order  to 
secure  the  proper  condition  of  air  in  the  chamber,  to  hydrate  it? 

Answer.  It  is. 

Question.  How,  in  your  judgment,  can  the  hydration  of  the  air  passing  into 
these  chambers  be  accomplished  most  efficiently  and  conveniently? 

Answer.  It  may  be  heated  most  readily  by  passing  it  against  furnaces  of  red 
hot  plates ;  but  that  burns  the  air,  and  it  is  objectionable  on  account  of  the 
odor.    It  may  also  be  heated  by  passing  it  over  hot  water  or  steam  pipes. 

Question  by  Mr.  Howard : 
What  do  you  mean  by  burning  the  air  1 

Answer.  I  mean  that  as  the  air  ordinarily- exists  it  contains  microscopic  forms 
of  animal  and  vegetable  life;  these  are  burnt  when  thrown  upon  the  surface  of 
red-hot  plates,  and  the  air  is  thereby  injured. 

Question  by  the  chairman  : 

I  wish  to  call  your  attention  particularly  to  the  most  convenient  and  efficient 
mode  of  imparting  moisture,  artificially,  in  our  arrangements  here. 

Answer.  I  think  that  sprays  of  water,  at  the  ordinary  temperature,  or  slightly 
increased,  thrown  at  right  angles  to  the  currents  of  air  Avould  be  the  most  effect- 
ive mode.  If  thrown  directly  against  the  current  it  would  too  much  impede  its 
force,  and  require  too  great  power  to  overcome  it.  Passing  it  at  right  angles  is 
the  natural  mode  by  which  the  air  is  moistened.  Many  a  shower  falls  above 
which  never  reaches  the  ground,  thus  showing  that  sprays  of  water  are  absorbed 
by  the  air.  . 

Question.  Will  you  state  whether  admitting  the  air  to  a  chamber  by  diffusion 
through  the  floor  is  not  liable  to  the  objection  that  a  considerable  amount  of 
dust  and  solid  matter  is  carried  up  into  the  atmosphere  of  the  room  1 

Answer.  Certainly;  the  current  of  air  carried  upwards  through  the  floor 
would  take  with  it  the  dust  upon  the  carpet  or  floor  with  which  it  came  in  con- 
tact, and  for  that  reason  that  locality  for  admitting  the  air  has  been  given  up  in 
nearly  all  large  buildings.  It  is  generally  admitted  from  the  sides,  near  the 
floor,  but  not  through  the  floor.  . 

Question.  Do  you  consider  the  application  of  power  for  the  removal  of  air 
from  a  chamber  more  important  than  tor  its  introduction? 

Answer.  Certainly;  that  is  the  main  point.    The  main  power  should  be  ap 
plied  where  the  air  is  to  be  removed,  and  for  this  reason :  you  arc  never  sure  in 
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driving  air  in,  that  it  arrives  at  the  point  desired;  but  if  you  take  it  out  of  the 
room  the  thing  is  palpable. 

Question.  In  a  room  occupied  by  a  large  audience,  sitting  for  several  hours, 
is  there  not  a  very  large  amount  of  carbonic  acid  gas  generated? 

Answer.  A  very  large  amount.  The  extent  to  which  the  air  is  affected  by 
it,  however,  depends  upon  the  closeness  of  the  room. 

Question.  At  what  temperature  would  that  be  thrown  into  the  atmosphere 
from  the  lungs'? 

Answer.  At  very  nearly  90°,  sometimes  at  S50  in  the  winter  time. 
Question.  In  other  words,  it  would  exceed  the  temperature  of  the  air  in  the 
room  on  ordinary  occasions? 
Answer.  It  always  docs. 

Question.  And  the  result  would  be  that  that  gas  would  ascend  in  the  room  ? 
Answer.  Yes,  sir. 

Question.  Assuming  that  it  would  come  in  contact  with  a  comparatively  cool 
surface,  such  as  the  sides  of  the  room,  or  windows,  or  glass  roof,  what  would  be 
the  effect  upon  the  gas  ? 

Answer.  Its  temperature  would  be  lowered  to  that  of  the  surrounding  air,  and 
it  would  pass  up  or  down,  as  the  case  might  be,  with  the  currents  of  air  in  the 
room. 

Question.  When  of  the  same  temperature  as  the  air,  is  not  this  gas  heavier 
than  air  ? 

Answer.  Two  and  a  half  times  heavier,  when  pure.  That  thrown  off  from 
the  lungs,  however,  not  being  pure  carbonic  acid,  is  not  so  heavy  as  that. 

Question.  I  understand  you  that  carbonic  acid  gas,  upon  coming  in  contact 
with  a  cold  surface  on  ascending,  is  liable  to  be  thrown  into  the  air,  to  be  again 
breathed? 

Answer.  Certainly;  it  is  very  liable  to  the  power  of  diffusion. 

Question.  Is  not  that  one  of  the  reasons  Avhy  an  efficient  mode  of  removing 
the  air  from  the  room  by  a  power  appropriate  to  the  purpose  is  necessary? 

Answer.  In  all  rooms  there  is  a  necessity  for  force  to  remove  the  air,  because 
air  has  a  tendency  of  itself  to  remain  still.  Even  while  resting  upon  the  ground 
it  will  not  move  unless  there  is  a  wind  to  force  it.  It  is  absolutely  necessary 
that  it  should  be  removed  by  force. 

Question.  Have  you  reflected  upon  the  subject  of  the  effect  of  this  large  area 
of  glass  roof  over  the  two  chambers  of  Congress  upon  the  ventilation  of  the 
chambers ;  the  air  and  gases  being  admitted  to  immediate  contact  with  the  roof 
through  perforations  in  the  ceiling ;  what  would  be  the  effect  of  bringing  it  in 
contact  with  the  roof  at  this  cold  season  of  the  year? 

Answer.  When  a  glass  roof  to  a  building  is  made  use  of,  it  must  be  for  the 
purpose  of  admission  of  solar  light,  and  as  this  agent  is  always  accompanied  by 
heat,  these  two  agents  always  are  introduced  together,  and  it  is  because  they 
arc  so  introduced  that  this  plan  is  adopted  by  horticulturalists.  A  glass  roof 
converts  a  building  into  a  green-house  and  destroys  the  advantage  of  a  roof, 
whose  design,  in  domestic  structures,  is  to  be  a  defence  against  the  alternations 
of  season  and  changes  of  temperature.  Glass  is  especially  pervious  to  the  rays 
of  solar  heat,  and  hence  in  summer  time  admits  a  great  amount  of  heat.  If  the 
air  space  be  in  direct  communication  with  the  air  in  the  rooms  below,  the  whole  air 
will  of  course  be  heated  up  much  higher,  and  if  the  air  drawn  in  had  been  pre- 
viously cooled  it  would  heat  it  again.  If  the  vitiated  air  had  to  pass  through 
such  air  space,  it  would  become  so  heated  and  expanded  that  its  current  out- 
ward would  be  impeded,  and  deficient  ventilation  be  the  result. 

Iu  winter  time  a  glass  roof  would  admit  only  light,  and  it  would,  to  some 
extent,  diminish  the  temperature  of  the  air  in  the  air  space,  and  if  the  ventila- 
tion were  to  be  carried  on  by  the  plan  now  proposed  by  Mr.  Anderson,  such 
material  for  the  roof  would  be  objectionable  as  being  a  greater  cooling  agent  than 
the  ordinary  materials  of  a  roof. 
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Question.  What  do  you  say  as  to  the  construction  of  windows,  if  they  were  to 
be  placed  in  our  halls;  should  they  be  single  or  double? 

Answer.  Windows  are  for  light;  they  should  never  be  designed,  primarily, 
for  the  admission  of  air,  ancl-thereforc~should  be  double,  so  as  to  protect  the  room 
from  the  influence  of  external  heat  and  cold. 

Question.  I  desire  to  ask  you,  having  looked  at  Mr.  Anderson's  plans, 
whether  the  introduction  of  air  at  the  ceiling  and  its  removal  at  the  floor  is 
feasible,  and  likely  to  effect  the  object  designed  by  it  ? 

Answer.  It  is  feasible,  certainly,  with  sufficient  power  applied.  It  is  against 
the  natural  tendencies  of  air;  it  is  contrary  to  gravity;  and  so  far  requires  ad- 
ditional power  to  overcome  the  natural  tendency  of  heated  air  to  rise.  If  the 
plan  were  varied  so  as  to  admit  the  heated  air  from  below,  and  escape  above,  I 
think  it  might  be  an  advantage,  as  it  would  consult  the  natural  tendencies  of 
the  air.  In  regard  to  the  object  that  might  be  gained  by  this  reversion  of  the 
current  from  above,  downwards,  with  respect  to  sound  in  the  room,  I  must 
speak  hesitatingly.  My  impression  is  that  not  much  would  be  gained  by  this 
reversion  of  the  current.  It  is  true  that  a  strong  current  of  air  will,  to  a  cer- 
tain extent,  affect  the  passage  of  sound.  A  person  speaking  against  a  strong 
current  of  wind  will  be  heard  more  distinctly  in  his  rear  than  from  the  same 
distance  in  front.  But  in  this  case  the  current  would  not,  I  suppose,  be  stronger 
than  three  or  four  feet  in  a  second — more  than  that  would  create  a  breeze  that 
would  be  objectionable — and  as  sound  passes  1,180  feet  in  a  second,  the  ad- 
vantage, if  any,  would  be  very  slight.  If  the  air  can  be  kept  perfectly  still,  I 
believe  that  is  a  condition  most  favorable  for  hearing.  It  is  for  that  reason 
that  the  old  Gothic  churches  are  more  favorable  in  respect  to  acoustics  than 
large  square  room3.  This  plan,  however,  has  never,  to  my  knowledge,  been 
tried,  and  therefore,  I  say,  I  cannot  speak  confidently.  I  do  not  wish  at  all  to 
impress  my  opinion  upon  the  committee  as  to  the  effect  of  the  downward  cur- 
rent upon  acoustics,  but  my  impression  is  that  the  difference  would  be  slight  in 
the  point  gained,  while  the  disadvantage  would  be  more  decided  in  overcoming 
the  natural  tendencies  of  air. 

Question.  Have  you  ever  made  experiments,  which  are  in  your  recollection, 
as  to  the  amount  of  force  necessary  to  move  a  column  of  air  downward  in  a 
given  space,  so  that  you  could  speak  as  to  the  general  application  of  Mr.  Aa- 
derson's  plan  in  this  respect  1 

Answer.  [  have  made  no  such  experiments.  It  is  a  complicated  question. 
A  certain  amount  of  air  is  driven  in  by  the  first  machine.  It  is  then  heated, 
and  its  bulk  increased  at  least  one-twelfth,  in  the  plan  proposed,  by  rarefication. 
A  larger  amount  of  air  is  therefore  required  to  be  removed,  and  more  power 
must  be  applied  to  the  exhausting  fan. 

Saturday,  January  28,  1S65. 
Charles  F.  Anderson,  architect,  examined. 
By  the  chairman  •. 

Question.  Will  you  state  your  views  of  the  western  projections  of  the  Capitol 
wings? 

Answer.  In  the  plan  I  made  for  the  new  wings  I  brought  them  forward  toward 
the  cast  so  as  to  commence  them  on  hard  ground,  thus  avoiding  the  new  embank- 
ment. Another  reason  for  doing  so  was  to  complete  the  outline  of  a  Roman 
building,  as  the  old  Capitol  was  of  Roman  architecture,  so  as  to  provide  a  court- 
yard in  front  on  the  east.  We  have  numerous  authorities  for  that  arrangement. 
I  gave  in  my  description  to  President  Fillmore,  at  the  time,  as  authority,  Buck- 
ingham palace  and  St.  Peter's  at  Rome,  both  of  which  have  large  court-yards, 
and,  in  fact,  I  gave  different  private  residences  in  which  many  of  the  nobility 
ived,  as  illustrations.    There  is  really  hardly  a  regular  Roman  building  that 
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has  not  a  court-yard  in  front.  These  court-yards  are  generally  entered  through 
a  triumphal  arch.  The  college  of  architecture  in  which  I  studied  was  a  Roman 
structure  built  by  the  Duke  of  Leinstcr  for  his  own  mansion.  It  was  an  ex- 
tensive Roman  building,  something  like  the  Capito|p.but  with  a  large  court-yard 
in  front,  entered  by  a  triumphal  arch  of  peculiar  beauty.  1  could  give  numer- 
ous instances  of  the  same  kind.  The  first  time  I  saw  the  effects  of  building 
these  wings  on  the  original  surface  below  the  new  embankment  was  immediately 
after  the  House  was  roofed  and  before  it  was  plastered,  which  was  about  the  time 
Mr.  Buchanan  came  into  office,  at  the  commencement  of  1S57.  I  found  the 
west  brick  wall  of  the  Senate  wing  cracked  from  top  to  bottom  ;  the  crack  was 
widest  at  the  top  and  large  enough  to  put  your  hand  in.  I  afterwards  saw  it 
filled  up  with  brickbats  and  mortar.  I  next  observed  that  the  north  side  of  this 
west  corridor,  opening  on  the  west  side,  had  opened  from  end  to  end.  They 
stopped  it  up ;  it  opened  a  second  time,  and  I  saw  them  stopping  it  the  second 
time  with  plaster  of  Paris. 

By  Mr.  Howard : 

Question.  How  long  time  intervened  between  the  first  and  second  time  ? 

Answer.  About  two  years.  I  next  observed  an  opening  in  the  joints  of  the 
marble  work  on  the  north  end.  I  was  present  when  the  men  were  stopping  up 
these  openings,  and  saw  them  stopping  them  up  and  pointing  them  up  to  hide 
them.  General  Franklin's  report  to  Congress,  under  date  of  November  G,  1860, 
(a  report  on  the  Capitol,)  states,  that  "in  July  last  the  levels  of  the  cornice  of 
the  two  wings  of  the  Capitol  extension  were  taken.  It  appears  from  the  levels 
that,  at  the  top  of  the  granite  basement  cornice,  the  west  side  of  the  south  wing 
is  four  and  one-eighth  inches  lower  than  the  east  side,  and  at  the  corresponding 
point  on  the  north  wing  the  west  side  is  two  and  seven-eighths  iuches  lower 
than  on  the  east  side.  These  figures  are  given,  not  because  any  danger  is  an- 
ticipated, but  only  to  place  the  data  on  record  in  permanent  form."  I  recom- 
mend that  you  finish  these  arcades  with  cornice  and  balustrade  at  the  top,  which 
will  produce  a  good  architectural  effect,  by  carrying  out  the  principles  of  Roman 
structure,  more  fully  than  to  finish  them  as  heretofore  proposed ;  inasmuch  as 
they  never  intended  to  put  a  portico  there,  but  merely  a  colonnade  over  the 
arcade.  They  intended  to  carry  round  the  entablature  on  that  colonnade — the 
same  entablature  that  they  have  on  the  end  of  the  building.  The  effect  of  it 
would  be  simply  this  :  a  column  before  each  pilaster  has  no  object  of  any  kind 
affected  by  it.  It  involves  an  additional  expense  of  marble  work,  and  excessive 
weight,  without  any  possible  advantage.  Standing  at  right  angles  with  the 
building,  these  columns  would  not  be  seen  more  than  the  pilasters  would  stand- 
ing by  them ;  they  merely  obscure  the  pilasters  and  deprive  the  numerous  offices 
on  each  side  of  the  building  of  air  and  of  light;  it  being  an  object  in  architecture 
ngver  to  introduce  an  ornament  without  a  purpose  "an"d"objecE  In  every  well- 
designed  architectural  building  there  never  is  an  ornament  introduced  that  has 
not  its  object,  which  this  feature  of  the  design  of  the  Capitol  has  not.  The 
same  observation  is  applicable  to  all  of  the  four  colonnades — north,  south,  and 
two  west — with  this  exception,  that  there  is  no  necessity  for  precaution  in  re- 
spect to  weight  on  the  north  and  south  sides. 

By  the  chairman  : 

Question.  Is  the  proposed  work  you  have  spoken  of  very  expensive,  accord- 
ing to  the  present  design  1 

Answer.  There  have  been  two  appropriations  made  for  finishing  the  steps 
and  portico  of  the  building  on  the  east  side.  There  has  been  one  appropriation 
of  $300,000  for  finishing  these  four  colonnades,  no  part  of  which  has  been  ex- 
pended. The  only  way  I  can  get  at  the  price  of  that  work  is  the  amount  of 
that  appropriation.    I  went  to  the  Register's  room,  where  the  agreements  for 
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this  work  ought  to  he  filed,  and  got  a  certificate  from  the  officer  there  that  they 
never  had  heen  filed.  I  could  not,  therefore,  give  their  exact  price.  The  cost 
of  the  balustrading  would  be  exactly  the  same  as  that  already  on,  for  it  would 
have  to  conform  to  it.  *" 

Question.  But  you  cannot  state  what  that  would  be  1 

Answer.  No,  sir ;  no  account  has  been  filed  of  what  anything  cost,  and,  there- 
fore, I  cannot"  state  precisely.  It  would  be  a  great  deal  cheaper  than  the  other 
plan,  and  it  would,  at  the  same  time,  admit  more  air  and  light.  It  may  not  be 
out  of  place  for  me  to  remark  that,  although  this  marble  attic  which  I  propose 
to  erect  around  the  two  wings  will  add  weight  to  the  building,  it  will  be  on  a 
perpendicular  line  with  the  building  itself.  It  will  not  involve  any  leverage,  as 
these  columns  do.  Then,  again,  let  me  remark,  that  the  attic  need  not  be  built 
while  the  ceiling  is  being  raised  and  the  windows  inserted;  that  is  to  say,  you 
can  finish  the  ventilating  arrangements  without  making  the  change  required  in 
the  outside  of  the  building,  and  afterwards  the  outside  work  can  go  up  while 
you  are  sitting  in  the  chamber. 

Question.  I  will  ask  you  as  to  the  geueral  appearance  on  the  building  of  ele- 
vating the  wings  as  you  propose,  and  the  reasons  for  doing  it,  in  respect  to  the 
architectural  appearance  of  the  building? 

Answer.  The  old  building  being  Roman  Corinthian  architecture,  it  was  es- 
sential, in  carrying  out  the  style,  to  break  the  sky-line  of  the  building  so  as  to 
form  an  irregular  line.  One  of  the  principal  differences  between  Roman  Corin- 
thian and  Grecian  Corinthian  is,  that  Roman  architecture  must  have  a  broken 
sky-line,  while  the  Grecian  must  have  a  horizontal  line.  The  Roman  building 
must  have  balustrading,  the  Grecian  building  must  have  none.  Whenever  there 
is  a  deviation  from  these  rules  you  have  what  we  term  bastard  architecture  .and 
not  pure  architecture.  I  refer  you  to  the  Post  Office  building,  which  is  Grecian 
Corinthian  with  no  balustrading,  and  also  to  the  Patent  Office,  which  is  a  Doric 
building  of  Grecian  architecture.  The  Treasury  building,  with  its  columns  on 
part  of  it,  was  intended  for  Grecian  Ionic,  but  they  went  and  put  a  balustrade 
round  it  and  broke  up  the  architecture  and  made  it  a  hideous  thing. 

Captain  Richard  R.  Moffatt  called  and  examined. 

By  the  chairman  : 

Question.  State  whether  you  have  studied  architecture. 
Answer.  I  studied  it  while  in  the  west. 

Question.  I  will  ask  you,  if  you  have  examined  the  subject,  your  opinion  as 
to  the  architectural  effect  upon  the  Capitol  building  of  an.  elevation  of  the 
wings  ? 

Answer.  I  have  taken  a  great  interest  in  architecture,  and  have  paid  particu- 
lar attention  to  the  Capitol  building.  I  find  in  it  a  long-continued  line  of  cornice 
without  break.  I  think  such  an  elevation  as  is  shown  will  add  to  its  beauty, 
giving  it  a  more  Roman  Corinthian  style  of  architecture.  It  will  add  not  only 
to  the  appearance  of  the  exterior  but  to  the  interior  of  the  building.  I  think, 
in  the  hall  of  the  House  of  Representatives  particularly,  the  ceiling  is  too  low 
for  acoustics  or  proportion. 

January  31,  1S65. 

Examination  of  William  Forsyth,  of  Washington,  D.  C,  city  surveyor. 
By  the  chairman  : 

Question.  State  whether  you  took  the  levels  of  the  Capitol  wings  to-day  ? 
Answer.  Yes,  I  have  taken  the  levels  of  the  north  and  south  wings  this 
afternoon. 

Question.  State  how  you  found  them. 
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Answer.  I  found  that  the  northwest  corner  of  the  north  wing  is  2\  inches 
lower  than  the  northeast  corner  of  the  same  wing.  I  found  also  that  the  south- 
west corner  of  the  south  wing  is  4}  inches  lower  than  the  southeast  corner. 

Examination  of  Isaac  Bassett,  of  Washington,  D.  C. 
By  the  chairman  : 

Question.  State  whether  the  two  papers  shown  you  are  statements  of  tem- 
peratures in  the  Senate  chamber  taken  under  your  superintendence  at  the 
dates  mentioned] 

Answer.  Yes,  sir. 

Question.  Are  they  correct? 

Answer.  Yes,  sir,  as  far  as  I  see. 

Question.  They  were  taken  by  request  of  the  committee  ? 
Answer.  Yes,  sir. 

[The  statements  are  annexed  to  this  record.] 

Examination  of  Dr.  John  A.  Rowland,  of  Washington,  D.  C. 

By  the  chairman  : 
Question.  State  how  you  are  employed. 

Answer.  I  am  employed  as  clerk  in  the  Attorney  General's  office. 
Question.  State  whether  you  have  experimented  by  adding  moisture  to  the 
air  of  the  office  ? 

Answer.  I  have  in  some  of  the  rooms  during  the  present  winter  and  the  winter 
before.  I  have  added  moisture  to  the  atmosphere  with  good  effect  by  evaporat- 
ing water  in  the  rooms.  It  has  produced  a  very  great  improvement  in  the  air  of 
the  rooms,  and  I  have  no  doubt  that  such  a  statement  would  be  made  by  the 
Attorney  General  and  his  assistant.  I  have  heard  them  both  remark  very 
favorably  upon  it. 

Question.  State  whether  you  have  examined  works  on  the  subject  of  mois- 
ture in  the  atmosphere,  and  have  made  out  a  statement  of  citations  which  you 
now  submit  to  the  committee? 

Answer.  Yes,  sir.  This  statement  is  from  what  I  believe  to  be  reliable 
authority. 

[The  statement  is  annexed  to  this  report.] 

Witness.  The  office  of  the  Attorney  General  is  located  in  the  south  wing  of 
tin;  treasury  building;  it  is  warmed  by  heated  air  sent  up  into  the  room  through 
flues.  To  counteract  the  dryness  of  that  air  we  introduced  gas  stoves  by  which 
we  evaporate  a  large  quantity  of  water  during  the  six  or  seven  hours  we  are 
there — say  two  or  three  gallons  in  each  room.  The  rooms  are  twenty  and 
twenty-two  feet  by  fourteen  feet  high.  We  found  that  to  improve  the  comfort 
of  the  rooms  very  much.  When  the  room  seems  supplied  with  moisture  the 
openings  for  the  escape  of  the  air  are  permitted  to  act.  The  opinion  at  which 
I  have  arrived  in  respect  to  it  is,  that  in  these  rooms,  even  with  the  large 
amount  of  water  we  evaporate,  there  has  not  been  any  day  too  much  moisture. 
It  seems  that  the  more  we  have  been  able  to  evaporate,  the  more  comfortable 
have  the  rooms  been.  I  have  arrived  at  a  strong  conviction  that  if,  in  addition 
to  heating  the  air,  the  feature  of  introducing  the  necessary  amount  of  moisture 
were  adopted,  the  air  in  the  rooms  would  be  as  comfortable  as  the  air  out  of 
doors  is  at  the  same  temperature. 

The  chairman  submitted  the  following  statement  of  temperature  in  the  Sen- 
ate chamber,  as  observed  by  him,  the  observations  being  made  from  a  thcrmom- 
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eter  on  the  right  hand  side  of  the  president  of  the  Senate,  arid  from  one  oppo- 
site on  the  south  side  of  the  chamber  : 

January  19,  12i  o'clock,  694 ;  24  o'clock,  70. 

iC  75. 
January  25,    2    o'clock,  70. 

75. 

January  27,    34  o'clock,  71. 

75. 

January  30,  124  o'clock,  704;  4  o'clock,  69. 

76."  724. 
January  31,  12 J  o'clock,  70. 

74*. 

Examination  of  Charles  B.  Cluskey,  of  Washington  cit}',  D.  C,  architect 

and  civil  engineer. 

By  the  chairman  : 

Question.  How  long  have  you  been  engaged  in  the  practice  of  your  profes- 
sion '( 

Answer.  About  thirty-four  years. 

Question.  Have  you  been  frequently  employed  in  the  examination  of  public 
buildings  and  public  works  ? 
Answer.  I  have. 

Question.  And  of  government  buildings  ? 

Answer.  I  reported  on  the  government  buildings  here  for  the  Committee  on 
Public  Buildings  of  the  30th  Congress,  which  report  is  numbered  90. 

Question.  Have  you  examined  the  wings  of  the  Capitol  and  determined  what 
settlement,  if  any,  has  taken  place  in  their  foundations  since  reported  on  by 
Captain  Franklin  1 

Answer.  I  have  ;  and  with  the  exception  of  the  foundations  of  the  steps  on 
the  west  end  of  the  south  wing,  no  material  settlement  has  taken  place  of  the 
foundations  proper  of  either  wing  since  the  report  of  that  officer. 

Question.  Have  you  examined  the  plans  prepared  by  Charles  F.  Anderson 
for  improving  the  architecture  of  the  exterior  of  the  Capitol,  and  the  heating, 
ventilating,  and  lighting  of  the  halls? 

Answer.  I  have. 

Question.  I  desire  to  ask  your  opinion  as  a  professional  man  as  to  the  effect 
of  elevating  the  wings  by  an  attic,  both  as  regards  the  architecture  of  the  whole 
exterior,  and  the  lighting  of  the  halls  through  windows  in  the  proposed  inner 
attics  instead  of  the  present  sky-lights  in  the  roofs  ? 

Answer.  The  architectural  effect  would  be  essentially  improved  by  an  attic 
on  each  wing,  as  they  would  give  elevation  where  required,  and  break  up  the 
present  continuous  horizontal  sky-line  ;  and  I  would  further  suggest,  that  if  the 
roof  of  each  wing,  Avheu  raised  on  its  attic,  was  surmounted  by  a  semi-dome 
(cupola)  harmonizing  in  detail  with  the  dome  proper,  and  all  projections  above 
the  line  of  the  balustrades  of  the  old  building  removed,  and  increased  projection 
given  to  the  east  portico,  so  as  to  correct  the  defect  created  by  the  excessive 
proportions  of  the  dome,  the  magnitude,  grandeur,  and  unity  of  the  whole  com- 
position would  be  greatly  improved.  As  it  regards  the  lighting  of  the  balls 
through  windows  in  the  inner  attic  walls  in  place  of  the  present  skylights,  the 
effect  would  be  to  give  height  of  ceiling,  illuminate  the  halls  uniformly  through- 
out, give  to  them  a  cheerful  instead  of  their  present  gloomy  appearance,  and 
shut  out  the  noise  created  during  heavy  rain  or  hail  storms,  which  frequently 
disturbs  the  progress  of  business. 

Question.  Would  you  recommend  the  windows  to  be  made  double  ? 
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Auswer.  I  would. 

Question.  What  object  would  be  accomplished  by  that  1 

Answer.  Double  sashes,  properly  constructed,  with  a  space  between  them, 
would  aid  very  materially  in  preserving  the  uniform  temperature  of  the  air  in 
the  halls  in  both  winter  and  summer. 

Question.  What  other  benefit  would  be  gained  by  windows  over  the  present 
skylights  1 

Answer.  The  advantage  of  their  being  thrown  open  when  necessary,  and  pai-- 
ticularly  after  the  adjournment  of  Congress,  thus  filling  the  ball  with  a  volume  of 
pure  air,  and  correcting  whatever  remains  of  the  impurities  created,  (particularly 
when  the  galleries  are  crowded,)  which  may  not  have  been  drawn  oft'  by  the  me- 
chanical means  designed  to  control  them. 

Question.  What  improvement,  if  any,  would  you  recommend  in  the  present 
mode  of  lighting  the  halls  at  night  ? 

Answer.  The  substitution  of  reflectors,  as  they  would  greatly  lessen  the 
number  of  distinct  lights  now  used,  and  would  be  more  economical,  and  equally, 
if  not  more,  effective  than  the  present  mode. 

Question.  Is  it  your  judgment  that  a  very  considerable  loss  of  heat  in  the 
halls  is  produced  by  the  present  glass  roofs  ? 

Answer.  It  is,  particularly  during  such  weather  as  we  had  the  present 
winter;  for,  from  careful  experiments,  it  has  been  found  that  S00  superficial  feet 
of  glass  will  cool  down  over  1,000  cubic  feet  of  air  as  many  degrees  per  minute  as 
the  internal  temperature  of  the  room  exceeds  the  temperature  of  the  external  air. 

Question.  Is  not  the  effect  of  a  cold  glass  surface  to  throw  down  currents  of 
cold  air  ? 

Answer.  It  is. 

Question.  Did  you  hear  the  statement  of  Dr.  Antisell  in  reference  to  the  up- 
ward movement  of  dust  from  the  floor  by  the  ascent  of  the  air  as  introduced  at 
present  ? 

Answer.  I  did. 

Question.  Do  you  concur  with  him  in  his  views  ? 
Answer.  I  do. 

Question.  Would  not  the  effect  of  Mr.  Anderson's  plan  of  removing  the  air 
below  be  to  obviate  this  difficulty  ? 
Answer.  It  would. 

Question.  Would  the  downward  movement  of  the  air  tend  to  produce  greater 
uniformity  in  the  action  of  the  air  towards  the  floor? 

Answer.  All  things  being  equal,  there  would  be  no  difference  between  the 
unity  of  an  ascending  and  descending  current,  for  as  Mr.  Anderson's  plan  is  to 
use  one  fan  to  supply  the  pure  air,  and  another  to  draw  off  the  impure,  the  air 
would  be  controlled  by  the  power  and  harmonious  action  of  the  fans  and  not  by 
its  increased  or  diminished  temperature,  as  it  is  at  present,  to  a  great  degree. 

Question.  What  effect,  in  your  judgment,  would  the  plan  of  bringing  down 
the  air  have  on  the  action  of  sound  in  the  House? 

Answer.  My  opinion  is  that  the  hearing  would  be  improved. 

Question.  Would  the  air  descending  be  broken  by  currents  and  of  unequal 
temperature  or  would  it  be  uniform  throughout? 

Answer.  It  would  be  nearly  uniform — an  inappreciable  portion  of  it  only 
affected  near  the  floor  and  ceiling,  provided  the  apertures  in  the  ducts  through 
which  it  enters  the  halls  are  of  uniform  size  and  numerous,  like  a  sieve,  and  the 
apertures  for  the  exit  of  the  impure  air  alike  numerous  and  uniform,  and  dis- 
tributed close  to  the  floor  line. 

Question.  In  your  judgment  would  the  air  be  less  broken  by  currents  than  at 
present  ? 

Answer.  In  my  judgment  it  would,  for  as  the  air  now  enters  the  halls,  the 
currents  are  manifest  and  numerous ;  and  from  the  disparity  in  the  dimeu- 


46 


IMPROVEMENT  OF  THE  HALLS  OF  CONGRESS. 


sions  of  the  apertures  through  which  it  passes  and  the  irregularity  of  their  dis- 
tribution, it  cannot  he  otherwise. 

Question.  Is  a  fan  the  proper  instrument  for  introducing  and  exhausting  air? 

Answer.  It  is  so  considered  by  architects  generally,  and  I  know  of  no  better 
means. 

Question.  In  your  opinion  could  or  could  not  this  downward  action  of  the  air 
be  controlled  by  a  fan  as  proposed  ? 
Answer.  In  my  opinion  it  could. 

Question.  By  this  plan  of  Mr.  And  crson  would  it  or  would  it  not  be  possible 
to  introduce  the  air  into  the  chamber  above,  and  remove  it  below,  or  to  reverse 
the  movement  ? 

Answer.  It  would. 

Question.  In  reversing  the  action  what  changes  would  be  necessary? 
Answer.  The  location  of  the  hydrating  apparatus  and  of  the  heating  ap 
paratus. 

Benjamin  Severson  called  and  examined. 
By  the  chairman : 

Question.  Will  you  state  in  what  capacity  you  were  employed  in  the  con- 
struction of  the  Capitol  wings,  and  what  was  done  by  you? 

Answer.  I  was  employed  on  the  Capitol  roofs  and  ceilings,  in  putting  up  the 
iron  work,  and  generally  as  mechanical  engineer.  The  work  was  performed 
under  the  direction  of  General  Meigs.  I  was  sent  for  in  the  first  place  to  raise 
these  iron  roofs. 

Question.  On  whose  recommendation  ? 

Answer.  That  of  Stephen  Colwell,  Philadelphia. 

Question.  Did  ycu  put  up  the  glass  roof? 

Answer.  I  put  up  the  iron  roof  and  then  covered  it  with  glass,  copper,  &c. 
I  then  had  the  supervision  of  putting  up  the  ceilings. 

Question.  Will  you  state  how  the  ceiling  is  made;  whether  it  is  capable  of 
being  removed  and  replaced  readily;  and  if  so,  your  reasons? 

Answer.  The  ceiling  is  made  of  cast  iron,  in  the  form  you  see  it.  It  is  generally 
about  a  quarter  of  an  inch  thick,  made  in  convenient  pieces  for  handling,  and 
put  together  with  screwed  bolts.  I  think  there  is  not  a  rivet  about  the  fasten- 
ings; I  think  it  can  be  all  unscrewed.  That  is  my  impression,  and  I  inquired 
of  the  contractors,  who  told  me  the  bolts  were  all  screwed.  It  can  be  readily 
taken  down,  the  plates  laid  aside  and  put  back  again  when  required.  It  will 
require  nice  care  of  course  to  replace  the  parts  relatively,  so  that  there  shall  be 
no  mistake.  , 

Question.  Have  you  made  estimates  of  the  expense  necessary  to  accomplish 
that  purpose? 

Answer.  I  have  taken  considerable  pains  to  get  at  that  reliably,  and  I  have 
given  my  estimate  in  the  form  of  a  proposition.  When  I  was  asked  the  question 
at  the  last  session  I  did  not  like  to  state  until  I  could  make  a  reliable  estimate, 
which  I  have  since  done. 

Question.  Have  you  planned  or  designed  buildings  in  your  time? 

Answer.  That  has  been  my  business  for  the  last  twenty-five  or  thirty  years. 

Question.  Have  you  designed  churches,  court-houses,  &c? 

Answer.  Yes,  sir. 

Question.  Did  you  design  the  marine  hospital  at  New  Orleans  for  the  govern- 
ment? 

Answer.  Yes,  it  was  designed  by  me.  After  the  government  architect  here  had 
given  me  the  number  of  rooms  they  wanted,  I  made  the  design,  making  the  entire 
exterior  of  iron.  I  made  the  design  of  the  roof  of  the  custom-house  and  post 
office  at  Baltimore  an  ("several  other  buildings  of  that  kind. 
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Question.  What  effect  would  the  elevation  of  the  wings  as  shown  on  Mr. 
Anderson's  plan  have  upon  the  general  appearance  and  architectural  appearance 
of  the  building? 

Answer.  I  do  not  pretend  to  be  a  finished  architect,  though  I  .have  some  ex- 
perience in  these  things.  My  opinion  is  that  it  will  be  decidedly  favorable.  I 
think  the  plan  requires  it.  1  think  it  would  be  a  decided  advantage  to  have 
such  an  elevation. 

Question.  What  do  you  know  of  the  settling  of  the  new  work  of  the  Capitol 
on  the  west  side  of  the  two  wings? 

Answer.  I  cannot  give  the  exact  amount,  but  I  know  that  in  1856  they  were 
settled  so  much  that  we  had  to  make  an  average  of  it  in  setting  the  iron  work 
around  the  rooms.  The  building  had  settled  less  on  the  east  side  than  on  the 
west,  there  being  a  more  perfect  foundation  on  that  side. 

Question.  What  will  be  the  effect  of  putting  these  proposed  colonnades  or 
porticoes  on  the  west  side  of  the  wings? 

Answer.  The  effect  will  be  very  injurious,  for  the  reason  that  these  porticoes 
are,  as  it  were,  detached  from  the  old  building,  and  will  not  have  the  advantage 
of  its  support.  They  will  act  with  a  leverage,  as  it  were,  being  detached,  and 
break  their  connexion.  In  my  opinion  it  ought  not  to  be  done.  That  portion 
of  the  portico  already  up  is  yielding.  I  think  you  can  see  it  on  both  wings, 
worse  perhaps  on  the  north  than  on  the  south  wing. 

Question.  Could  these  spaces  be  finished  with  simple  balustrades? 

Answer.  Yes,  something  of  that  sort ;  the  architect  could  arrange  it.  I  would 
not  put  up  the  columns  as  projected  on  the  west  side.  I  would  dispense  with 
the  columns  and  entablatures  both. 

Jacob  D.  Forney  called  and  examined. 
By  the  chairman : 

Question.  Has  the  book  now  produced  by  you  been  kept  by  yourself  or  under 
your  own  supervision  ? 

Answer.  It  has  been  kept  under  my  own  supervision. 

Question.  It  contains,  does  it  not,  regular  statements  of  various  work,  and 
particulars  regarding  the  temperature  of  the  hall  of  the  House? 
Answer.  Yes,  sir. 

Question.  Will  you  state  where  your  observations  of  temperature  were  taken  ? 
Answer.  In  the  hall  of  the  House  of  Representatives,  three  times  a  day,  at 
9,  12,  and  3  o'clock.    I  took  the  average  of  the  hall. 
Question.  How  many  thermometers? 
Answer.  There  were  six,  I  believe. 

Question.  And  your  statements  show  the  average  temperature  by  these  ther- 
mometers? 

Answer.  Yes,  sir. 

Question.  Do  you  believe  these  statements  to  be  accurate? 
Answer.  Yes,  sir. 

Question.  State  Avhat  you  have  charge  of  in  the  Capitol. 

Answer.  I  have  charge  of  the  heating  and  ventilating  apparatus  in  the  House 
of  Representatives. 

Question.  How  long  have  you  been  in  charge  of  that  apparatus? 
Answer.  Since  February,  1864. 

Question.  Will  you  state  your  opinion  as  to  the  place  of  obtaining  the  air  in- 
troduced, and  its  effect  upon  it? 

Answer.  In  my  opinion,  in  the  summer  time  the  temperature  of  the  air  is 
considerably  raised  by  the  rays  of  the  sun  beating  upon  the  terrace  and  upon 
the  sides  of  the  building  where  the  air  is  taken  in.  The  air  is  taken  from  be- 
tween the  wings  and  the  old  Capitol,  i  bout  the  level  of  the  terrace.    I  find  thai, 
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the  current  of  air  thus  taken  into  the  south  wing  carries  dirt  and  dust  with  it, 
and  piles  it  up  around  the  entrance  against  the  sides  of  the  buildiug. 

Question.  Does  the  air  pass  a  window  on  its  way  through? 

Answer.  There  are  two  windows  in  the  air  chamber  on  the  basement  floor, 
and  three  on  the  upper  floor. 

Question.  Do  you  find  great  irregularity  in  the  thermometers  at  the  same 
level  in  the  hall  ? 

Answer.  Yes,  sir,  they  vary  on  the  average  about  three  degrees  on  opposite 
sides  of  the  hall. 

Question.  Have  you  taken  observations  in  the  galleries  ? 
Answer.  I  have  not. 

Question.  Nor  in  the  space  between  the  ceiling  and  roof. 
Answer.  No,  sir. 

Question.  Have  you  charge  of  the  roof?  * 
Answer.  Yes,  sir. 

Question.  Can  you  state  what  inconveniences  you  find  in  connexion  with  the 
roof  or  upper  part  of  the  building? 

Answer.  During  storms,  or  very  heavy  cloudy  weather,  it  becomes  very  dark, 
and  we  have  to  light  the  ceiling  at  different  times  during  the  day.  During  rain- 
storms, it  is  almost  impossible  to  hear  anything  in  the  House  hall,  on  account 
of  the  sound  from  the  copper  roof.  Last  Sunday  1  noticed  particularly,  when 
the  ice  began  to  slide  there  was  a  tremendous  sound,  like  distant  artillery, 
which  alarmed  almost  everybody  in  the  house. 

Question.  State  whether  there  is  any  leakage  in  the  glass  roof. 

Answer.  Yes,  sir ;  it  leaks  probably  in  a  dozen  places. 

Question.  How  do  you  remove  the  water? 

Answer.  Wc  have  to  sponge  it  up. 

Question.  Does  the  space  between  the  ceiling  and  roof  become  very  much 
heated  by  tho  gas-lights  ? 

Answer.  Yes,  sir ;  a  man  could  not  stand  there  ten  minutes  when  the  gas  is 
lighted.    I  can  stand  considerable  heat,  but  it  drives  me  off. 

Question.  How  many  jets  of  light  are  there? 

Answer.  Over  1,200,  I  lliiuk. 

Question.  What  is  the  effect  of  their  being  lighted  on  the  temperature  of  the 
hall,  if  you  have  observed  it  ? 

Answer.  In  my  opinion  it  increases  the  heat  of  the  hall. 

Question.  Have  you  ever  taken  an  observation  of  the  heat  or*the  floor  before 
lighting  the  gas  and  afterwards  ? 

Answer.  1  kn.nv  it  is  much  hotter  after  night  in  the  hall,  when  the  gas  is 
lighted,  than  during  the  day.  When  the  thermometer  was  at  80°  or  83°  during 
the  day,  I  have  seen  it  run  up  to  85"  or  S7°  at  night. 

Question.  What  is  the  practical  effect  of  the  registers  admitting  air  through 
the  floor  into  the  hall  of  the  House  ? 

Answer.  They  are  used  as  much  for  spittoons  as  for  admitting  air,  and  there 
must  be  considerable  nauseous  effluvia  arising  from  them  from  that  cause.  They 
are  also  used  to  sweep  the  dirt  into. 

Question.  Are  not  the  air  chambers  below  very  dirty  ? 

Mtiswex.  We  have  found  them  very  dirty. 

Question.  You  have  found  them  to  contain  "  old  sogers,"  and  stumps  of  cigars, 
have  you  ? 

Answer.  A  plenty  of  them.  Under  the  large  registers  we  have  found  dried 
tobacco  juice  half  an  inch  thick. 
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February  2,  1865. 

The  committee  met. 

Present:  Messrs.  Buckalew,  Pike,  and  Smithere. 

Examination  of  General  M  C.  Meigs. 
By  the  chairman  : 

Question.  State  whether  the  work  of  Professor  Reid  is  one  of  those  books 
that  you  consider  standard  works  on  ventilation. 

Answer.  I  think  Professor  Heid's  work  a  very  valuable  one;  but  I  think 
Professor  Reid  makes  a  great  many  mistakes.  His  works  are  very  valuable, 
but  I  do  not  believe  in  all  his  conclusions  by  any  means. 

Question.  What  do  you  say  as  to  the  work  of  Professor  Wyman  ? 

Answer.  Wyman's  work  I  have  read,  but  it  is  only  a  very  general  and 
rather  superficial  work,  I  think. 

Question.  Is  it,  in  your  judgment,  a  standard  work  on  that  subject? 

Answer.  I  should  not  like  to  express  an  opinion  about  that.  T  do  not  re- 
collect that  1  learned  anything  from  it  at  all.  I  am  not  sure  whether  it  contains 
errors  or  whether  it  is  all  right.  There  is  a  French  book  on  heating,  by  Pe- 
clet,  which  is  one  of  the  most  exhaustive  works  on  the  subject,  and  gives  all  the 
latest  information,  up  to  the  time  of  its  publication,  on  the  subject  of  the  art  in 
France. 

Question.  What  is  your  opinion  of  the  present  system  of  ventilating  our 
halls? 

Answer.  I  think  it  is  the  very  best  that  can  be  devised. 
Question.  Equal  to  anything  in  the  world? 

Answer.  I  think  it  is  the  very  best  in  the  world.    I  have  no  doubt  of  it. 

Question.  Can  you  suggest  any  improvement  in  it  ? 

Answer.  None,  if  you  have  an  intelligent  man  to  regulate  the  heat.  , 

Question.  I  am  speaking  of  the  plan. 

Answer.  No,  sir,  I  cannot. 

Question.  In  introducing  air  through  the  floors  of  the  halls,  do  you  consider 
the  present  plan  of  vertical  ascent  preferable  to  its  introduction  through  the 
risers  of  the  steps  ? 

Answer.  Yes,  sir,  and  I  can  give  you  my  reasons  for  it.  In  first  arranging 
the  details  of  the  ventilation  of  the  Senate  chamber  I  introduced  the  air 
through  the  raisers  of  the  steps,  following  Dr.  Reid's  ideas,  making  the  open- 
ings as  large  as  possible,  so  that  the  air  should  be  diffused  over  the  greatest 
an  a,  and  placing  several  thicknesses  of  wire  gauze  behind  these  openings  so  as 
to  prevent  a  current  of  air  as  much  as  possible,  and  get  as  large  a  quantity  of 
air  as  possible  without  its  being  felt  between  the  person's  legs.  The  hall  was 
occupied  by  the  senators  very  soon  after  this  arrangement  was  completed  ;  and 
before  1  had  time  to  make  any  experiments  and  ascertain  the  result;  I  soon  found 
a  general  complaint  that  the  current  of  air  was  sensible,  acting  on  the  backs  of 
the  legs  of  the  gentlemen  who  were  seated  on  the  various  terraces  on  the  floor, 
producing  great  discomfort,  rheumatism,  and  such  effects.  That  compelled 
me  to  change  the  whole  tiling,  and  let  the  air  come  in  vertically.  I  tried  that 
whole  thing  completely,  and  had  to  give  it  up. 

Question.  Did  you  also  make  a  change  by  introducing  air  into  the  sides  of  the 
rooms  ? 

Answer.  At  the  sides  of  the  rooms  I  placed  shields  before  the  openings  so  as 
to  deflect  the  currents.  People  sitting  on  the  sofas  in  the  Senate  chamber  com- 
plained of  the  currents  of  air,  and  I  sat  there  myself  and  found  it  so.  I  had 
not  sufficiently  realized  the  fact  that  warm  air  produces  cold  as  well  as  cold  air. 
It  produces  evaporation  of  moisture,  and  that  produces  cold. 
Rep.  No.  128  4 
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Question.  You  speak  from  experiment? 
Answer.  I  tried  the  thing  and  failed  and  had  to  give  it  up. 
Question.  Do  you  see  any  objection  to  placing  a  glass  roof  over  the  halls  in 
connexion  with  the  ventilation  of  the  chambers  ? 
Answer.  There  is  a  glass  roof  there  now. 

Question.  Do  yon  think  there  is  any  difficulty  created  in  the  ventilation  by 
the  glass  roof  1 

Answer.  No,  sir ;  the  glass  roof  has  openings  through  which  the  air  can 
escape.  I  left  openings  all  around  the  edges  of  that  glass  roof,  so  that  the  air 
might  escape  generally  through  the  ceiling  as  well  as  through  the  cornices. 

Question.  Would  it  not  be  an  improvement  if  the  glass  roof  were  doubled? 

Answer.  It  is  already  doubled.  There  is  a  glass  roof  and  a  glass  ceiling.  I 
do  not  sec  what  would  be  gained  by  putting  a  third  one  in. 

Question.  Would  it  not  prevent  the  loss  of  heat  very  much  ? 

Answer.  It  would  if  the  air  in  the  room  were  still.  Of  course,  the  greater 
thickness  you  give  to  the  roof  the  less  heat  would  be  lost  by  radiation.  But 
you  are  now  depending  for  the  heat  of  the  room  upon  the  temperature  of  the 
air  introduced.  If  you  can  bring  in  a  certain  quantity  of  air,  of  a  certain 
temperature,  every  minute,  and  let  it  escape,  it  makes  no  difference  whether  the 
ceiling  is  thick  or  not. 

By  Mr.  Pike : 

Question.  There  arc  apertures  enough  to  change  the  air,  how  often  ? 

Answer.  There  are  apertures  enough,  I  think,  to  change  it  every  five  minutes. 
In  the  hall  of  the  House,  1  think,  50,000  cubic  feet  of  air  can  be  supplied  every 
minute.    It  is  long  since  I  looked  at  the  figures,  and  I  cannot  trust  my  memory 
to  speak  with  accuracy. 
By  the  chairman  : 

Question.  In  your  judgment,  no  exhausting  power  is  required  for  ventilation  ? 
Answer.  No,  sir;  the  ventilation  is  Bufficienl  if  the  machinery  is  kept  in 
order. 

Question.  State  what  objection  exists  to  placing  our  halls  at  the  sides  of  the 
wings  ? 

Answer.  When  I  took  charge  of  the  Capitol  extension!  found  a  plan  being 
executed  in  which  the  hall  of'  the  House  of  Representatives  was  placed  at  the 
west  end  of  the  south  wing,  with  windows  on  the  three  sides.  I  considered 
that  there  was  danger  of  interference  with  debate  in  legislation  by  the  effect  of 
exterior  noises  which  would  come  in  through  the  windows.  I  noticed  that  in 
some,  public  rooms  in  New  York,  churches,  and  other  buildings  which  I  had 
visited,  this  was  a  very  serious  inconvenience.  Then  the  glass,  cooled  by  con- 
tact with  the  external  air,  would  produce  currents  of  cold  air  within  the  room 
itself,  which  are  sources  of  discomfort  in  the  winter.  It  seems  to  me  that 
members,  occupied  in  the  business  of  legislation,  did  not  need,  andwguld  not 
have  time  to  enjoy,  any  external  prospect  I  could  secure  a  greater  uniformity 
of  temperature 'bv  placing  the  room  in  the  centre  of  the  building,  removed  from 
the  external  walls,  and  greater  facilitv  of  ingress  and  egress  by  having  corridors 
and  galleries  all  around  the  hall.  The  waiting  rooms,  smoking  rooms,  com- 
mittee rooms,  &c,  which  are  placed  against  the  external  walls,  could  thus  be 
arranged  so  as  to  be  of  convenient  access  to  members  when  not  occupied  in 
debate  or  legislation.  All  these  considerations  had  their  weight  in  inducing  me 
to  alter  the  plans  and  adopt  those  that  have  been  executed. 

Question.  Would  there  "not  be  another  objection  to  a  side  exposure,  from  cross 
lights? 

Answer.  Yes;  I  had  forgotten  to  mention  that.  I  should  add  that  one  Ben- 
ous  objection  to  windows  on  external  walls  is  the  disagreeable  effect  upon  a 
speaker  of  having  a  bright  light  shining  into  his  eyes  when  his  face  is  turned 
toward  any  part  of  his  audience.    This,  I  think,  was  mentioned  m  the  memoir 


IMPROVEMENT  OF  THE  HALLS  OF  CONGRESS. 


51 


which  I  prepared  on  the  subject  at  the  time  I  took  charge  of  the  building'  and 
recommended  the  alteration  of  the  plans. 

Question.  Is  there  any  objection  to  obtaining  the  air,  as  at  present,  from  the 
terraces  ? 

Answer.  1  think  not.  It  has  been  suggested,  and  I  thought  of  it  myself,  to 
take  the  air  from  a  higher  point.  It  is  a  favorite  idea  to  take  the  air  for  ven- 
tilation from  a  high  tower,  but  I  do  not  think  that  any  real  advantage  would,  be 
gained  from  it.  This  terrace  is  clean,  and  it  is  eighty  feet  above  the  surface  of 
the  water.  If  you  draw  the  air  through  a  shaft  leading  up  to  the  roof  of  the 
building  you  would  be  taking  it  at  the  level  at  which  all  foul  air  shafts  discharge 
— at  which  all  chimneys  discharge  their  smoke — and  you  would  be  liable  to 
draw  and  force  into  the  interior  of  the  building  the  very  impurities  which  have 
been  just  expelled. 

Question.  State  whether  the  present  arrangement  in  ventilation  is,  through- 
out, your  arrangement  1 

Answer.  1  cannot  say  that  it  is  entirely  my  design  or  my  work,  because  I 
had  most  skilful  assistants. 

Question.  Is  the  present  plan  of  ventilating  the  Capitol  your  arrangement.  1 

Answer.  Yes;  it  is  my  arrangement,  with  the  assistance  of  men  of  skill. 

By  Mr.  Smithers : 
Question.  You  approved  it  ? 

Answer.  Yes.  1  saw  that  an  appropriation  of  $1,500  was  made  last  year  for 
some  changes.  What  those  changes  were  I  do  not  know;  nor  do  I  know 
whether  any  alterations  in  my  plan  have  been  made.  But,  unless  there  have 
been  changes  within  the  last  year  or  so,  it  is  as  1  made  it. 

By  the  chairman : 

Question.  I  ask  you  yourjudgment  ofthe.  capacity  of  Mr.  Walter  on  the  subject 
of  ventilation  ? 

Answer.  I  would  rather  not  answer  that.    I  think  Mr.  Walter  a  very  skilful 
architect,  and  a  man  of  taste  in  his  profession;  but  I  think  he  has  not  even  a 
ttering  of  science,  and  on  all  scientific  questions  his  opinion  is  of  no  value. 

THURSDAY,  February  2,  1865. 

Re-examination  of  Benjamin  Severson. 
By  the  chairman : 

•J 

Question.  State  whether  you  have  measured  the  extent  of  the  glass  roofs  on 
both  wings  of  the  Capitol. 
Answer.  Yes. 

Question.  State  the  dimensions  of  the  glass  roof  of  the  House  and  Senate, 
respectively. 

Answer.  The  area  of  the  glass  surface  of  the  House  roof  is  4,049£  square 
feet,  and  ofthe  Senate  3,4 12^  square  feet. 
Question.  It  is  a  single  roof? 
Answer.  Yes,  a  single  thickness. 

Rc-e.rominalion  of  Jacob  D.  Forney. 
By  the  chairman  : 

Question.  State  the  capacity  of  the  fan  in  use  in  the  House  for  delivering  air 
to  the  hall. 

Answer.  I  never  made  an  exact  calculation  of  it,  but,  as  a  mechanic,  I  made. 
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an  estimate  that  the  fan,  running  at  the  revolutions  we  run  it  now,  delivers 
about  50,000  cubic  feet  of  air  per  minute.  We  run  it  from  45  to  50  revolutions 
a  minute. 

Question.  How  much  would  it  deliver  if  you  used  its  power  ? 
Answer.  If  the  engines  were  properly  constructed  so  that  it  could  be  run  up, 
I  could  make  it  deliver  double  that  quantity. 

By  Mr.  Smithers : 
Question.  What  can  it  deliver  as  now  constructed  1 

Answer.  I  cannot  run  that  engine  with  safety  over  50  revolutions  a  minute, 
from  the  simple  fact  that  the  journals  of  the  shaft  are  so  small  that  they  become 
heated  and  require  to  be  cooled  down. 

By  the  chairman  : 

Question.  There  is  another  fan  used  for  delivering  air  to  the  passages,  corri- 
dors, and  committee  rooms  1 
Answer.  Yes. 

Question.  That  fan  is  less  powerful  ? 

Answer.  Yes,  it  has  not  more  than  half  the  power. 

Question.  State  whether  there  have  been  any  of  the  air  passages  under  the 
House  closed,  and,  if  so,  for  what  object  ? 

Answer.  Last  summer  I  found  considerable  complaint  that  there  was  not  suf- 
ficient ventilation  in  the  hall.  After  going  under  the  floor  of  the  hall  and  mak- 
ing an  examination  myself,  I  found  a  great  many  of  the  registers  under  the 
floor  closed. 

Question.  For  what  purpose  1 

Answer.  That  I  cannot  say 

Question.  What  do  you  say  as  to  the  plumbing  generally,  under  the  floors — 
has  it  been  well  executed — can  you  readily  make  repairs  there  ? 

Answer.  There  is  a  great  difficulty  in  making  repairs  there,  especially  to  the 
water  pipes,  gas  pipes,  &c.  Being  almost  thoroughly  imbedded  in  cement,  it 
requires  a  cutting  up  of  the  tile-floors  to  get  t:>  the  pipes. 

Question.  Have  you  charge  of  the  roof  and  of  the  upper  part  of  the  build- 
ing? 

Answer.  Yes. 

Question.  State  whether  storms  beat  in  at  the  ventilators  ? 
Answer.  Several  different  times,  to  my  knowledge,  rain  has  come  in  through 
the  ventilators  to  the  ceiling,  and  through  the  ceiling  to  the  floor  of  the  House. 

By  Mr.  Smithers : 
Question.  In  any  quantity  ? 

Answer.  It  was  considerable  enough  to  wet  the  floor  and  the  desks  of  mem- 
bers in  several  places.  I  had  to  place  buckets  on  the  ceiling  to  catch  the  drip, 
and  also  to  sponge  the  water  off  the  ceiling.  I  had  also,  several  times,  to  place 
buckets  on  the  floor  of  the  hall  to  catch  the  water  from  the  ceiling. 

By  the  chairman  : 

Question.  What  is  the  consumption  of  gas  for  lighting  the  hall  of  the  House 
of  Representatives  1 

Answer.  About  7,500  feet  per  hour. 

Question.  In  order  to  light  the  hall,  do  you  use  the  full  power  of  the  burners  I 
Answer.  Yes,  we  give  them  the  full  pressure  of  the  gas,  just  so  that  the 

burners  shall  not  blow,  as  we  call  it — so  that  gas  does  not  pass  through  without 

being  consumed. 

Question.  Is  not  the  effect  of  lighting  your  jets  to  produce  a  considerable 
amount  of  heat  in  the  hall  ? 

Answer.  1  have  been  always  under  the  impression  that  it  has  that  effect.  I 
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have  noticed  particularly  the  thermometers  rising  at  night,  when  the  hall  is  lit, 
from  two  to  five  degrees. 

Question.  Is  not  the  amount  of  heat  produced  in  the  space  between  the  ceil- 
ing and  the  roof  extremely  great  ? 

Answer.  Yes,  very  great — so  great  that  a  man  is  not  able  to  stand  the  heat 
there  over  ten  minutes. 

Question.  After  heating  ycur  halls  in  the  morning,  do  you  not  reduce  the 
power  of  the  fan  ? 

Answer.  No,  sir,  but  Ave  reduce  the  pressure  of  steam.  When  the  hall  is 
properly  heated  by  1(U  o'clock — say  up  to  68  degrees — I  generally  close  off 
the  main  flow  of  steam  and  put  on  the  exhaust.  If,  by  Hi  o'clock,  the  hall  is 
sufficiently  warm  I  shut  off  the  exhaust  from  the  engine  entirely  and  blow 
nothing  but  cold  air  into  the  hall  for  the  remainder  of  the  day.  The  brick- 
work underneath  the  floor  of  the  hall  becomes  very  warm  from  the  amount  of 
heat  forced  into  it,  and  that  keeps  the  air  warm  during  the  remainder  of  the 
day.  I  find  no  difficulty  in  heating  the  hall,  but  great  difficulty  in  cooling  it. 
That  is  the  main  difficulty  with  me. 

Question.  The  effect  of  introducing  an  unusual  amount  of  air  would  be  to 
produce  curreuts  in  the  hall  ? 

Answer.  Yes,  if  the  fan  was  driven  at  sufficient  velocity. 

By  Mr.  Smithers  : 
Question.  Do  you  find  it  necessary  to  do  that? 

Answer.  Through  the  summer  I  cannot  get  sufficient  current  through  the 
registers. 

Question.  Owing  to  the  want  of  apertures  ? 

Answer.  I  cannot  tell  whether  it  is  owing  to  the  want  of  apertures  or  to  the 
faulty  construction  of  the  air  ducts. 

By  the  chairman  : 

Question.  Have  you  observed  the  difference  in  temperature  in  the  summer 
between  the  air  at  the  terrace  and  the  air  in  the  hall  1 

Answer.  I  can  tell  you  by  referring  to  my  record  here.  I  find  that  it  runs 
about  equal ;  that  is,  the  temperature  in  the  fan  room  and  the  temperature  in  the 
hall. 

Question.  I  ask  you  of  the  difference  of  temperature  between  the  terrace  and 
the  hall  1 

Answer.  Taking.it  daily,  there  is  a  difference  of  about  three  degrees  ;  that  is, 
it  is  about  three  degrees  cooler  in  the  hall  than  in  the  fan  room.    But  taking  the 
average  throughout,  it  runs  about  equal — the  same  temperature  in  the  hall  as 
j  outside. 

Question.   What  degree  of  difference  in  temperature   have  you  observed 
between  the  opposite  sides  of  the  hall  1 
Answer.  About  three  degrees. 
Question.  Which  side  is  the  warmest  ? 
Answer.  The  west  side  of  the  hall. 
Question.  Is  that  (he  side  where  the  air  is  introduced  ? 
Answer.  Yes. 

Question.  Your  record,  as  I  understand,  is  a  record  of  averages  of  tempera- 
ture? 

Answer.  Yes. 

Question.  Of  several  thermometers  in  the  hall? 
Answer.  Yes,  of  six  thermometers. 
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Average  temperature  by  thermometers  in  the  hall  of  the  House  of  Representa- 
tives. 


For  week  ending  May  15,  1864. 

12  o'clock.  3  o'clock. 

Monday         .........    770  79° 

Tuesday   77  81 

Wednesday    .  77  79 

Thursday       .........    72  74 

Friday   73  73 

Saturday       .........    73  74 

For  week  ending  July  3,  1S64. 

12  o'clock.  :i  o'clock. 

Monday   '  .       .87  87 

Tuesday  77  78 

Wednesday   76  79 

Thursday  ,       ...    75  76 

Friday  "  S2  82 

Saturday   85  84 

For  week  ending  December  18,  1S64. 

12  o'clock.  3  o'clock. 

Monday   70  73 

Tuesday   70  74 

Wednesday   70  75 

Thursday   .    70  75 

Friday    68  73 

Saturday  72  73 

For  week  ending  January  22,  1865. 

12  o'clock.  3  o'clock. 

Monday         .    70  71 

Tuesday  -    .       .    70  72 

Wednesday  .70  72 

Thursday   69  72 

Friday         .    69  73 

Saturday  6S  72 


February  6. 

John  Kilby  examined. 

L5y  the  chairman. 
Question.  How  arc  you  employed  at  the  Capitol  ? 

Answer.  I  am  acting  chief  engineer  of  the  Senate  for  heating  and  ventilating 
department. 

Question.  By  whom  employed? 

Answer.  By  George  T.  Brown,  Scrgeant-at-arms  of  the  Senate. 

Question.  What  do  you  use  in  tin'  farming  pipes — hot  water  or  steam  '? 

Answer.  Steam. 

Question.  Steam  exclusively  ? 

Answer.  Yes,  sir. 

Question.  Is  there  any  arrangement  for  ejecting  steam  into  the  air  between 
the  fan  and  the  Senate  chamber  I 
Answer.  There  is  none. 

Question.  But  there  is  such  an  arrangement  as  to  the  air  for  the  committee 
rooms  and  passages  ? 
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Answer.  Yes,  sir. 

Question.  But  in  practice  you  do  not  use  steam  for  the  v  joins  and  passages  ! 

Answer.  No,  sir.  The  reason  is,  if  I  use  it  to  any  large  extent  1  make  the 
furniture,  glass,  and  walls  reek  with  sweat.  I  found  such  effect  caused  by  ac- 
cidental luvakagc  of  steam  in  the  coils.  I  think  the  effect  of  steam  or  hot  air 
is  to  cause  an  unpleasant  odar. 

Question.  What  explanation  do  you  give  of  the  difference  of  temperature  on 
opposite  sides  of  the  Senate  chamber? 

Answer.  Some  of  the  openings  are  closed  on  the  north  side.  They  can  be 
opened. 

Question.  What  pressure  of  steam  do  you  use  on  the  pipes? 
Answer.  I  suppose  an  average  pressure  of  8  or  10  pounds  to  the  square  inch, 
say  from  5  to  15  pounds.    It  depends  upon  temperature  of  external  air  used. 

Dr.  Thomas  Antisell  re-examined. 
By  the  chairman  : 

Question.  Have  you  given  personal  examination  to  the  ventilating  arrange- 
ments of  the  Senate  wing  of  the  Capitol  ? 
Answer.  I  have ;  the  day  before  yesterday. 

Question.  AVhat  capital  defects,  if  any,  did  you  find  in  the  ventilation  1 

Answer.  That  no  hydration  of  the  air  was  secured,  and  that  the  removal  of 
the  vitiated  air  above  was  incomplete. 

Question.  What  do  you  say  as  to  the  heating  arrangement? 

Answer.  The  amount  of  heating  surface  of  the  pipes  is  ample,  but  if  any  of 
the  compartments  of  pipes  become  defective  their  equivalent  cannot  be  supplied. 
The  arrangement  for  hydrating  the  air  passage  is  defective  and  inoperative. 
The  place  from  which  the  air  is  pumped  or  taken  is  objectionable,  as  liable  to 
derive  impurities  both  from  the  flagging  and  the  walls  of  the  building. 

Question.  Were  you  in  the  gallery  of  the  Senate  chamber,  and  what  observa- 
tion did  you  make  there  ? 

Answer.  I  was  in  the  strangers'  gallery  and  observed  that  the  air  had  a  strong 
smell  of  men  and  clothing ;  showing  that  the  vitiated  air  was  not  fully  removed. 

Question.    Did  you  then  proceed  to  the  air  space  above,  next  the  roof? 

Answer.  Yes,  sir ;  and  we  there  found  that  the  ventilation  was  accomplished 
by  four  air  chimneys,  30  by  30  inches  each,  covered  with  a  cap  or  cowl.  This,  Mr. 
Brown,  the  sergeant- at-arma,  informed  me  was  his  arrangement,  superseding  the 
ridge  ventilation  of  former  plan.  Now,  when  we  contrast  the  capacity  of  those 
four  air  chimneys  with  the  capacity  of  the  supply  passage,  we  find  the  former 
to  have  an  area  of  twenty-five  square  feet,  while  the  area  of  the  supply  shaft  or 
passage  is  a  little  over  thirty.  There  is,  therefore,  a  want  of  equivalent  capa- 
city. Then  the  current  in  the  supply  shaft  is  at  the  rate  of  between  six  and 
seven  miles  per  hour,  while  that  of  the  air  escaping  from  the  air  shafts  of  the 
roof  does  not  amount  to  four  miles  per  hour.  There  is,  therefore,  a  deficient 
capacity  equal  1<>  one-sixth,  and  a  deficient  movement  equal  to  one-third. 

Question.  What  do  you  say  as  to  the  roof  ? 

Answer.  The,  materials  of  the  roof — glass  and  metal — are  very  objectionable 
if  the  air  space  below  is  to  be  used  as  at  present.  The  glass  warms  it  unduly 
in  summer,  and  the  metal  cools  it  unduly  in  winter.  If  the  air  is  to  be  brought 
into  the  chamber  from  above,  (as  proposed  by  Mr.  Anderson's  plan,)  there  should 
be  air  ducts  over  the  ceiling,  well  protected  from  external  heat  and  cold. 

Question.  Would  an  inner  roof,  counter-ceiled  or  covered  with  a  non-conduct- 
ing material,  exclude  the  noise  of  storms  from  the  chamber? 

Answer.  The  double-roof  itself,  with  an  air  space  between,  would  be  one  of 
the  b  .-st  arrangements  for  the  non-conduction  of  sound. 

Question.  Would  the  filling  in  or  covering  the  inner  roof,  as  suggested,  have 
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additional  effect  in  excluding  the  influence  of  the  external  atmosphere  upon  the 
air  between  the  inner  roof  and  the  ceiling? 
Auswer.  Yes,  certainly. 

Question.  For  filling  in  or  covering  the  inner  roof,  is  broken  pumice-stone, 
with  liquid  cement,  a  proper  material  I 

Answer.  I  know  nothing  better;  combining,  as  it  does,  lightness,  solidity, 
and  incombustibility. 

Question.  What  is  the  effect  of  the  hot  air  under  the  roof? 

Answer.  Its  accumulation  there,  without  sufficient  means  of  escape,  is  to 
back-up  against  the  out-going  currents  from  the  Senate  chamber  and  prevent 
their  escape. 

Question.  What,  do  you  say  as  to  the  use  of  fewer  lights  over  the  ceiling,  with 
reflectors  ? 

Answer.  There  is  advantage  in  many  lights  in  producing  softness  and  lighter 
shadows,  but  as  at  present  arranged  they  are  an  obstruction  to  ventilation. 
Fewer  lights,  with  reflectors,  might  be  equally  satisfactory,  and  aid  the  ventila 
tion  vastly. 

Question.  Would  not  the  descent  of  the  air  in  the  halls  obviate  the  present 
defect  of  dust  rising  in  the  room  from  the  floors  ? 
Answer.  Certainly. 

Question.  In  changing  the  course  of  the  air  in  the  halls  from  an  upward  to 
a  downward  movement,  what  effect  would  be  produced  upon  the  air  near  the 
floor,  as  to  uniformity  of  movement  and  temperature  ? 

Answer.  The  temperature  would  be  more  uniform,  and  as  to  movement,  that 
would  depend  upon  the  force  of  the  exhausting  fan. 

Question.  Would  there  be  an  advantage  in  chimnies  with  the  proposed  lights 
as  shown  in  tin-  new  plans  I 

Answer.  Yes,  sir,  by  removing  the  immediate  products  of  combustion  from 
the  lights,  and  by  ventilating  the  air  space  above  the  ceiling. 

Question.  Would  there  be  less  heat  thrown  down  into  the  halls  from  the 
lights  than  at  present  ? 

Answer.  Certainly,  by  the  process  of  removal  of  products  of  combustion  and 
the  heated  air. 

Question.  Would  there  be  a  saving  of  heat  by  the  change  ? 
Answer.  I  think  so. 

Question.  What  do  you  say  as  to  the  feasibility  and  success  of  Mr.  Ander- 
son's whole  plan,  as  compared  with  the  present  arrangement? 

Answer.  It  would  be  much  more  effective  than  the  present  plan,  and  feasible 
in  its  details. 

Question.  Can  the  plan  be  exactly  reversed  as  to  direction  of  the  movement 
of  the  air,  if  desired  hereafter,  assuming  that  it  should  now  be  adopted? 
Answer.  Certainly,  with  little  expense  and  alteration. 

Question.  What  credit  is  to  be  attached  to  Professor  Wyman's  work  on  ven- 
tilation? 

Answer.  It  is  a  very  valuable  and  reliable  work  on  the  subject.  We  would 
refer  to  it  for  principles  and  rules,  rather  than  for  practical  details. 

The  witness  adds : 

The  present  means  of  escape  in  the  apertures  in  the  Senate  ceiling,  are  nol 
in  my  opinion  sufficiently  extensive  ;  and,  if  Mr.  Anderson's  plan  should  be 
adopted,  would  not  be  sufficient  for  the  ingress  of  the  air.  Placing  wire  gauze 
screens  in  the  parallelogram  spaces  along  the  sides  of  the  ceiling  would  afford 
increased  facilities  for  the  entrance  of  the  air. 

With  regard  to  admitting  the  air  at  the  sides  of  the  Senate  chamber,  and  its 

coolin-  effect  upon  individuals,  (wliieh  have  been  mentioned.)  such  effect  18  not 

so  much  due  to  the  velocity  of  the  air  as  to  its  aridity.  When  I  stood  in  the 
air  passage  below,  with  the  air  blowing  at  full  velocity,  the  effect  was  chilli- 
ness of  the  surface,  the  air  being  at  70°  with  an  out-door  moisture  of  30°. 
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Febriary  14,  IS05. 

Dr.  Charles  M.  Wethbrill  examined. 
By  the  chairman  : 

Question  Have  you  taken  the  clew  point  in  the  Senate  chamber  this  winter 
with  instruments  1 

Answer.  Yes,  on  two  occasions,  January  24  and  February  9.  The  first  day 
the  observations  were  as  follows  : 

Dry  bulb.    Wet  bulb    Relative  humidity. 

In  ladies'  gallery,  near  reporters'  gallery, 

2\  p.  m   723         55°  27° 

Do.,  near  diplomatic  gallery,  2  40  p.  m. . .      72.3        55.4  27 
External  air  entering  ventilating  fan,  3 

p.  m   29.S        25.2  56 

In  post  office,  near  the  window,  12^  p.  m.  61.9  51.8  46 
Do.,  on  mantel-piece,  same  time   70.2        55  32 

Question.  What  is  meant  by  "relative  humidity?" 

Answer.  It  means  the  amount  of  moisture  present,  with  reference  to  satura- 
tion taken  as  100. 

Question.  What  observations  did  you  make  on  February  9  ? 

Answer.  The  air  entering  the  fan  (the  fan  making  45  revolutions  per  minute) 
had  a  temperature  of  30. 6°,  and  the  relative  humidity  was  55 3 .  This  was  at  2.j 
p.  m.  In  the  southeast  corner  of  Senate  chamber,  on  level  with  desks,  at  3J 
p.  m.,  the  temperature  was  70.9°,  and  the  relative  humidity  20.  In  diplomatic 
gallery,  at  4  o'clock,  the  temperature  was  68°,  and  its  relative  humidity  21.  In 
the  illuminating  loft,  or  air  space  between  the  ceiling  and  roof,  in  northwest 
corner,  at  4.30  p.  m.,  the  temperature  was  64°,  and  its  relative  humidity  27. 

Question.  What  is  the  average  relative  humidity  of  atmospheric  air? 

Answer.  According  to  the  results  of  the  meteorological  observations  made  at 
the  Smithsonian  Institution,  published  in  executive  documents  for  1st  session 
36th  Congress,  the  mean  relative  humidity  for  Washington  in  June,  1S59,  was, 
for  7  a.  m.,  75 ;  for  2  p.  m.,  56  ;  for  9  p.  m  ,  76.  The  minimum  results  for  the 
same  hours,  during  same  month,  were  42,  31,  and  51.  For  month  of  February, 
for  same  year,  the  mean  relative  humidity  was,  at  7  a.  m.,  SO ;  at  2  p.  m.  62 ; 
at  9  p.  m.,  71 ;  and  the  minimum  for  those  hours  was  36,  34,  and  33.  H.  E. 
Roscoe  states  that  in  the  House  of  Lords  the  air  is  pleasant  to  breathe  when  its 
relative  humidity  ranges  between  55  and  S2.  He  a'so  states  that  the  mean 
annual  relative  humidity  for  England  is  about  75. 


MR.  ANDERSON  S  STATEMENT. 


[At  the  request  of  the  committee,  Mr.  Anderson  states  the  following  particulars  of  his 
professional  career.] 

I  am  63  years  of  age;  have  been  studying  and  practicing  my  profession  ex- 
clusively and  without  intermission  since  the  year  1819  ;  was  educated  at  the 
Permoy  college,  in  class  with  Dr.  Shelton  Mackenzie,  of  the  Philadelphia 
Press;  studied  classic  architecture  under  Messrs.  Harrison  and  Ilargrave  as  an 
apprentice  for  five  years;  afterwards  studied  Gothic,  baronial,  ecclesiastical,  and 
monumental  architecture  under  Messrs.  Pain,  of  London,  while  architects  to  the 
ecclesiastical  commission  for  Ireland.  While  under  their  instruction,  I  superin- 
tended the  construction  of  Einly  cathedral,  and  had  considerable  experience 
in  heating  and  ventilating  ecclesiastical  edifices,  with  a  view  to  good  ventilation 
and  acoustics.  I  commenced  practice  on  my  own  account  in  1S29,  by  com- 
peting for  and  winning  the  premium  for  the  approved  design  of  the  great 
Catholic  university  for  Ireland,  at  Thurles,  near  the  ancient  city  of  Cashel. 
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While  conducting  the  construction  of  that  building,  I  designed  and  erected 
Spring  House,  an  extensive  mansion  for  John  Low,  esq.;  Bansha  castle  for  the 
lord  lieutenant  of  the  county;  Castle  Cray  for  G.  L.  Bennet,  esq.;  and  the 
Episcopal  church  and  national  school  building  in  the  town  of  Tipperary;  I  also 
brought  water  into  that  town,  and  built  the  Savings  bank.  1  was  employed 
on  the  staff  of  Alexander  Nimmo,  the  engineer-in-chief  to  the  British  govern- 
ment, and  was  employed  with  his  two  brothers-in-law,  McGill  and  Simpson,  in 
the  construction  of  the  works  on  the  Shannon,  and  the  Limerick  bridge,  the 
greatest  work  of  the  kind  in  Britain.  Afterwards  conducted  the  erection  of  the 
bridge  across  the  river  Tay,  at  Strad-bally,  and  the  bridge  across  an  arm  of  the 
sea  at  Bally  voile ;  also  the  water  battery  at  Duncannon  fort,  which  guards  the 
river  Shure,  where  General  Slade  was  in  command.  I  superintended  the  erec- 
tion of  the  new  county  jail,  Waterford,  and  the  jail  and  court-house  in  Middle- 
ton,  county  of  Cork.  I  won  the  government  premium  for  the  classification 
prison  for  Ireland,  which  brought  me  into  notice.  I  was  permanently  employed 
as  architect  and  chief  engineer  on  the  estates  of  the  present  Earl  of  Kingston, 
and  built  a  great  deal  for  him.  Also  built  a  mansion  for  Lord  Massey.  I  de- 
signed and  superintended  the  building  of  Ash  Hill  castle,  for  Eyer  Evans,  esq.; 
Castle  Ivers,  for  Robert  Ivers,  esq.,  and  Faruey  castle,  for  Captain  Armstrong. 
I  conducted  the  buildings  of  the  poor  law  commission,  in  the  counties  of  Cork 
and  Tipperary.  1  was  extensively  employed  on  the  estates  of  the  Earl  of 
Bantry,  Sir  George  Coldthurst,  M.  P.,  Sir  William  Wrixen  Beacher,  and  Sir 
Robert  Abercromby. 

I  designed  and  built  Anner  castle  for  the  Rev.  Nicholas  Herbert  Mandeville, 
cousin  to  the  Marquis  of  Waterford  ;  also.  Jenkinstown  castle,  for  the  sister  of 
the  Marquis  of  Shrewsbury;  and  Mill  town  house,  for  George  Gubbins.  I 
made  some  beautiful  buildings  for  J.  Power,  M.  P.,  of  Gurteen,  step-son  to  the 
Hon.  R.  L.  Shiel,  master  of  the  British  mint ;  also  for  his  brother,  Sir  John 
Tower,  of  Kilfane.    1  also  remodelled  Tara  ball  for  Lord  Para,  and  built  the 
Deer  Park  house,  near  Cashel,  for  Hon.  John  Hare ;   Bantry  house,  for  J. 
O'Connell,  and  the  Presbyterian  church  in  the  city  of  Kilkenny.     I  changed 
the  course  of  the  river  Blackwater  for  Mr.  Cliff,  of  Wexford,  and  designed 
Argentine  house  for  Thomas  Brown,  esq.,  cousin  to  Brown  the  banker,  of  Bal- 
timore;  with  many  other  extensive  works,  occupying  a  successful  practice  of 
twenty  y<  ars,  until  the  plague  and  famine  of  '48,  when  I  left  my  native  country 
to  join  my  numerous  relatives,  long  settled  in  the  United  States.     In  1849  I 
arrived  in  New   York.      1  had  an  introduction  to  Judge  Edmunds,  of  the 
supreme  court,  inspector  general  of  prisons,  who  induced  me  to  compete  for  a 
premium  advertised  by  the  ten  governors  for  the  best  plan  for  the  penitentiary 
workhouse  on  Blackwell's  Island.    I  presented  a  design  and  plan  in  six  weeks 
after  my  arrival,  and  won  the  premium,  with  eighteen  distinguished  architects 
my  competitors.    In  a  few  months  after  won  the  advertised  premium  for  the 
Baltimore  house  of  refuge  for  juvenile  delinquents  ;  also,  the  New  York  new 
city  hospital,  and  for  the  emigrant  hospital  in  New  Y/ork ;  also,  for  different 
churches— Dr.  Sunderland's  on  4£-street.  Washington,  and  the  great  Catholic 
cathedral  at  St.  John's,  New  Brunswick.    I  also  obtained  the  advertised  premium 
lor  the  approved  plans  for  the  University  of  the  South,  to  be  erected  on  Cum- 
berland mountain,  in  Tennessee,  (just  before  the  war  commenced,)  competing 
plans  being  presented  from  every  city  of  note  in  this  country,  north  and  south. 
Among  my  competitors  were  General  Rosecrans  and  Mr.  Rogers,  supervising 
architect  of  the  treasury  department.     In  1850  I  presented  my  first  design  for 
the  Capitol  extension,  in  answer  to  a  public  advertisement,  which  design  was 
partly  used,  and  which  obtained  an  equal  proportion  of  the  advertised  premium, 
with  four  others— Mr.  Waller  not  being  among  them,  as  his  plans  were  marked 
rejected,  and  were  quite  different  from  any  of  the  plans  afterwards  used. 

In  1S53  I  furnished  to  General  Meigs,  for  the  use  of  the  government,  my 
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second  or  modified  design,  prepared  in  1S51  at  the  suggestion  of  President  Fill- 
more, with  verbal  and  printed  instructions,  detailing  the  system  of  ventilation 
which  I  recommended.  These  papers  and  explanations  were  used  by  General 
Meigs  in  his  report,  which  was  endorsed  by  Professors  Bache  and  Henry.  I 
acted  as  General  Morton's  chief  civil  engineer  on  the  aqueduct  works,  and  de- 
signed a  new  jail,  penitentiary,  and  house  of  correction  for  juvenile  delinquents 
for  the  District  of  Columbia.  I  also  designed  plans  for  new  law  court  buildings 
and  post  office  for  the  city  of  New  York,  and  lately  furnished  the  Spanish  gov- 
ernment, through  their  Washington  minister,  the  plans  for  the  great  national 
exhibition  building  to  be  erected  at  Madrid.  I  completed  two  works  on  archi- 
tecture, one  published  in  Europe,  "  The  Ancient  Church  Edifices  of  England,'' 
the  other,  "  Anderson's  American  Villa  Architecture,"  published  in  New  York 
in  1S53.  I  have  also  been  professor  of  architecture  and  civil  engineering  in 
two  different  colleges,  one  in  Europe  and  one  in  America.  When  an  apprentice 
I  accompanied  Mr.  Hargrave  on  a  professional  tour  through  the  principal  cities 
in  Europe  and  investigated  their  principal  buildings.  It  was  in  the  French 
theatres,  in  old  Drury  lane  theatre,  and  in  St.  Paul's  cathedral  that  I  observed 
the  true  system  or  plan  for  conveying  sound  and  avoiding  reverberations.  I  had 
personal  knowledge  of  the  failure  of  Dr.  lleid's  system  for  the  ventilation  of  the 
new  houses  of  Parliament  and  the  Millbank  penitentiary.  His  chimney  plan 
has  been  avoided  in  late  public  structures  in  England  and  the  fan  substituted. 
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IMPROVEMENT  OF  THE  HALLS  OF  CONGRESS. 


MOISTURE  OF  AIR. 

Dr.  Youmans  represents  the  capacity  of  air  for  moisture  by  a  diagram.  As- 
suming the  capacity  of  air  for  moisture  at  100  degrees  of  temperature  to  be 
represented  by  the  number  100,  then  its  capacity  at  60  degrees  would  be.  about 
31,  and  at  32  degrees  12£.    (Sec.  SOS.) 

Porter's  chemistry  represents  the  capacity  of  a  cubic,  yard  of  air  for  moisture 
at  different  temperatures  to  be  as  follows  : 

At  50  degrees,  \  cubic  inch  vapor  of  water. 
75     do      1       do  do. 
100     do      2       do  do. 

The  American  Agriculturist  gives  the  following  statement  as  to  the  absorbing 
power  of  air  in  a  room  12  by  15  by  9  feet,  containing  1,620  cubic  feet,  regard 
being  had  to  temperature : 

At  32  degrees,  absorption  3,807  grs.mi  pt.  vapor  of  water. 
50     do  do        6,869  grs.  —  1  pt.  do. 

70     do  do       12.S63  grs.  —  2  pts.  do. 

100     do  do      30,975  grs.  =  5  pts.  do. 

The  capacity  of  one  cubic  foot  of  air  for  moisture,  by  weight,  at  differeu 
temperturcs  is  as  follows: 

0°  zero,       IS  grains  vapor  of  water. 


32  degrees 

,  2.35 

do 

do. 

40  do 

3.06 

do 

do. 

50  do 

4.24 

do 

do. 

60  do 

5.S2 

do 

do. 

70  do 

7.94 

do 

do. 

SO  do 

10.73 

do 

do. 

90  do 

14.38 

do 

do. 

100  do 

19.12 

do 

do. 

Air  at  32  degrees  will  contain        of  its  weight  of  vapor. 

59      do  Jo  do. 

86     do  4Jo  do. 

113      do  J0  do. 

140      do  Tl0  do. 
(Youmans,  sec.  2S6.) 

JOHN.  A.  ROWLAND. 


New  York  City  Hospital,  Broadway. 

Sir  :  In  answer  to  your  inquiries,  I  haye  the  pleasure  to  state  that  there  are 
upright  air  shafts,  each  about  four  feet  in  the  clear,  erected  at  each  end  of  a 
longitudinal  horizontal  passage  or  tunnel  under  the  basement  floor,  through 
which  the  fresh  air  is  supplied.  This  air  is  admitted  into  a  series  of  small  air 
chambers,  through  valves  10  by  14,  which  are  connected  with  the  main  fresh 
air  tunnel.  In  these  small  air  chambers  the  air  is  rarefied  by  means  of  steam 
pipes  in  coils,  and  from  these  small  air  chambers  the  rarefied  air  ascends  to 
the  different  wards  through  flues  in  the  M'alls  opening  into  the  wards,  by  means 
of  the  registers  placed  about  two  feet  from  the  floors. 

The  ventilating  flues,  or  flues  for  taking  off  the  impure  air,  are  in  the  side 
walls  of  the  different  wards,  situated  close  to  the  floors,  and  also  about  ten  inches 
from  the  ceilings,  which  Hues  are  connected  with  the  foul  air  chambers  at  the 
top  of  the  building,  into  which  they  discharge  their  foul  air,  the  chambers  being 
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kept  constantly  heated  by  a  coil  of  steam  pipe  placed  in  the  top,  and  immedi- 
ately under  these  openings  above  the  roof. 

This  is  a  self-acting  system,  using  steam  only  without  the  use  of  a  fan. 

B.  F.  McALHATTEN, 

107 J  Avenue  D,  New  York. 

Hon.  Ohas.  R.  Bdgkalew. 


Architect's  Office,  54  Exchange  Place, 

New  York,  December  5,  1S64. 
Sir:  In  compliance  with  your  desire,  I  have  much  pleasure  in  furnishing- 
you  with  the  information  you  require,  as  to  the  system  which  has  been  adopted 
for  ventilating  the  new  emigrant  hospital,  now  in  course  of  erection  on  Ward's 
island. 

1st.  The  building  is  under  the  control  of  the  commissioners  of  emigration. 

2d.  The  air  which  is  supplied  to  the  different  wards  is  brought  through  an 
elevated  shaft,  placed  at  some  distance  from  the  building. 

3d.  The  air  is  collected  in  an  air-chamber,  under  the  level  of  the  basement 
floor,  from  whence  it  is  forced,  by  the  action  of  a  fan  wheel,  through  large  brick 
ducts,  which  run  under  each  building;  from  thence  it  is  taken,  through  hollow 
iron  shafts,  to  the  different  wards  in  controllable  quantities. 

4th.  The  impure  air  is  withdrawn  by  means  of  flues  in  the  walls,  situated  in 
the  piers  behind  the  patients'  beds,  in  each  ward. 

5th.  This  impure  air  is  attached  to  the  great  upper  foul-air  shaft,  which  dis- 
charges its  contents  at  a  height  over  the  roofs.  The  fan  is  only  used  for  the 
purpose  of  securing  a  proper  quantity  of  pure  air  at  all  seasons  to  the  wards, 
independent  of  the  windows. 

Very  respectfully,  your  obedient  servant, 

JOHN  W.  RITCH. 

Hon.  Chas.  R.  Buckalew, 

United  States  Senate. 


RESOLUTION. 

In  the  Senate  of  the  United  States, 

May  9,  1864. 

Resolved  by  the  Senate,  ( the  House  of  Representatives  concurring,)  That  a 
joint  select  committee,  to  consist  of  three  members  on  the  part  of  each  House,  be 
appointed  by  the  respective  presiding  officers,  to  examine  into  the  present  con 
dition  of  the  Senate  chamber  and  hall  of  the  House  of  Representatives,  as 
regards  the  lighting,  heating,  ventilation,  and  hearing,  and  the  defects  and  dis- 
advantages existing  in  the  same.  That  the  said  committee  obtain  from  Charles 
F.  Anderson,  architect,  a  statement  of  the  principles  upon  which  he  proposes  to 
regulate  those  particulars,  with  a  view  to  their  improvement,  so  as  to  secure  the 
better  adaptation  of  those  halls  to  the  purposes  of  legislation,  and  the  preserva- 
tion of  the  health  of  those  occupying  them  ;  and  that  the  committee  also  obtain 
a  statement  or  estimate  of  the  expense  that  will  attend  the  necessary  alterations, 
and  the  probable  time  that  will  be  required  for  making  them ;  and  the  said 
committee  shall  be  authorized  to  report,  by  bill  or  otherwise,  at  the  present  or 
next  regular  session  of  Congress. 

Attest:  J.  W.  FORNEY, 

Secretary. 
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In  the  House  of  Representatives  U.  S., 

May  10,  1864. 

Resolved,  That  the  House  of  Representatives  concur  in  the  foregoing  reso- 
I ut ion  of  the  Senate,  providing  for  the  appointment,  of  a  joint  select  committee 
to  examine  into  the  present  coudition  of  the  Senate  chamber  and  hall  of  the 
House  of  Representatives. 

Ordered,  That  Mr.  Morrill,  Mr.  Smithers,  aud  Mr.  English  be  appointed  the 
said  committee  on  tlie  part  of  the  House. 

Attest:  EWD.  McPHERSON,  Clerk. 

In  the  Senate  ok  the  United  States, 

May  10,  1S65. 

The  President  pro  tempore  appointed  Mr.  Buckalew,  Mr.  Howard,  and  Mr. 
Henderson  the  committee  on  the  part  of  the  Senate,  under  the  foregoing  reso- 
lution. 

Attest:  J.  W.  FORNEY. 

Secretary. 

In  the  House  of  Representatives, 

January  5,  1865. 

The  Speaker  appointed  Mr.  Pike  a  member  of  the  joint  committee  (select)  on 
ventilation,  in  place  of  Mr.  Morrill,  excused. 

Attest:  EDWARD  Mi-PHERSON, 

Clerk. 

By  CLINTON  LLOYD. 

Chief  Clerk. 

Appropriation  in  second  .section  of  '  miscellaneous  approj)riation  act  of  July  2, 
1S64.    Laws  of  1S63-4, 362. 

For  plans  and  detailed  drawings  for  proposed  changes  in  the  Capitol  wings, 
to  secure  improvements  in  the  ventilation,  heating,  and  acoustics  of  the  halls  of 
Oongre.-s.  the  sum  of  fifteen  hundred  dollars,  or  so  much  thereof  as  may  be 
necessary;  the  said  outlay  to  be  authorized  and  approved  by  the  joint  select 
committee  of  the  two  Houses  upon  the  ventilation  &c,  of  said  halls,  and  to  he 
paid  out  of  the  aforesaid  appropriation  for  the  Capitol  extension. 
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1851. 

WEEKLY  EVENING  MEETING, 
Friday,  May  23. 

The  Rev.  John  Barlow,  M.A.,  F.R.S.,  Secretary  R.  I. 
in  the  Chair. 

William  Hosking,  Esq, 

PROFESSOR  OF  ARCHITECTURE  AND  OF  ENGINEERING  CONSTRUCTIONS  AT 
»  KING'S  COLLEGE,  LONDON. 

On  Ventilation  by  the  Parlour  Fire. 

■  ■  c 

The  term  Ventilation  does  not  strictly  imply  what  we  intend  by  its 
use  in  reference  to  Buildings  used  as  dwelling-houses,  or  otherwise 
for  the  occupation  of  breathing  creatures.  To  ventilate  is  defined 
"  to  fan  with  wind  ;"  but  one  of  the  main  objects  for  which  houses, 
and  other  enclosed  buildings,  are  made  is  shelter  from  the  wind, 
Inasmuch,  however,  as  the  wind  is  but  air  in  motion,  and  we  can  only 
live  in  air,  air  may  not  be  shut  out  of  our  houses,  though,  for 
comfort's  sake,  we  refuse  to  admit  it  in  the  active  state  of  wind.  But 
in  doing  this  —  in  shutting  out  the  wind, —  we  are  apt  to  put  ourselves 
upon  a  short  allowance  of  air,  and  to  eke  out  the  short  allowance  by 
using  the  same  air  over  and  over  again. 

There  is  a  broad  line  of  distinction,  indeed,  to  be  drawn  between 
in-door  and  out-door  ventilation ;  for  although  the  principles  upon 
which  nature  proceeds  are  the  same,  the  operation  is  influenced  by 
the  circumstances  under  which  the  process  may  be  carried  on. 
Whether  it  be  on  the  hill-side,  open  to  the  winds  of  heaven,  or  in  a 
close  room  from  which  all  draught  of  air  is  excluded,  the  expired 
breath,  as  it  leaves  the  nostrils  heated  by  the  fire  in  the  lungs,  rises,  or 
seeks  to  rise,  above  their  level,  and  may  not  be  again  inhaled.  Out  of 
doors  the  cooler  or  less  heated  air  of  the  lower  level  presents  itself 
for  respiration  unaffected  by  the  spent  exhaled  air,  but  in  a  close 
apartment  the  whole  body  of  included  air  must  soon  be  affected  by 
whatever  process  any  portion  of  it  may  have  undergone.  The  process 
by  which  Nature  carries  off  spent  air,  purifies,  and  returns  it 
uncontaminated,  is  thus  checked  by  the  circumstances  under  which 
we  place  ourselves  within-doors.  All  our  devices  for  shelter  from 
the  weather,  and  for  domestic  convenience  and  comfort,  tend  to 
prevent  the  process  provided  by  Nature  from  taking  effect  according 
to  the  intention  in  that  respect  of  the  Creator.   We  not  only  confine 
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ourselves,  indeed,  and  pen  up  air  in  low  and  close  rooms,  but  we 
introduce  fire  by  which  to  warm  the  enclosed  air ;  wanting  light 
within  our  dwellings  when  daylight,  fails,  we  introduce  another 
sharer  in  the  pent-up  air  of  our  rooms,  being  fire  indeed,  in  another 
form,  but  generally  under  such  circumstances,  that  it  not  only  ab- 
stracts from  the  quantity,  but  injures  the  quality  of  what  may  remain. 
But  fire,  whether  in  the  animal  system,  in  the  grate,  or  in  the  lamp, 
cannot  long  endure  the  imagined  limitation  of  air.  There  must  be 
access  of  air  —  of  vital  air  —  by  some  channel  or  other,  or  the  fire 
will  go  out. 

An  open  fire  in  the  grate  must  however  have  a  vent  for  some 
of  its  results,  or  it  will  be  so  disagreeable  a  companion  that  its 
presence  could  not  be  endured,  even  as  long  as  the  most  limited 
quantity  of  air  would  last;  and  the  fire  will  compel  the  descent  of  air 
by  the  vent  commonly  supplied  under  the  name  of  a  flue  —  a  chimney 
flue — to  render  its  presence  tolerable  in  a  closed  room,  if  a  supply 
be  not  otherwise  obtainable.  But  as  the  outer  air  at  the  higher  level 
of  the  top  of  a  chimney,  because  of  the  rarity  of  the  air  in  and  above 
the  flue,  responds  to  the  demand  of  the  fire  less  easily  than  the 
lower  air,  or  that  at  and  about  the  level  of  the  fire ;  and  the  lower 
air,  or  air  at  the  lower  levels,  forces  its  way  in,  therefore,  by  any 
opening  it  can  find  or  make  —  through  the  joints  of  the  flooring- 
boards  and  under  the  skirtings  —  the  supply  passing  first  up  or 
down  the  hollow,  lathed  and  plastered  partitions,  sometimes  even 
up  from  the  drains ;  and  through  the  joints  under  and  about  the 
doors  and  windows.  If  these  channels  do  not  exist,  as  they  may  not 
when  the  joiners'  work  and  the  plastering  are  good,  or  when  the  open 
joints  referred  to  are  stopped  up  by  any  means,  the  fire  smokes,  and 
every  known  means  of  curing  the  chimney  failing,  means  are  sought 
of  obtaining  heat  without  the  offending  fire.  Ventilation  is  not 
thought  of  yet. 

The  open  fire  may  be  made  to  give  place  to  the  close  stove  or  to  hot 
air  pipes,  to  hot-water  pipes  or  to  steam  pipes — which  make  hot  the  air 
about  them  in  a  close  room  without  causing  draughts.  But  the 
warmth  obtained  in  pipes  is  costly  under  any  circumstances.  Air 
does  not  take  up  heat  freely,  unless  it  be  driven  and  made  to  pass 
freely  over  the  heated  surface ;  and  there  being  little  or  no  con- 
sumption of  air,  and  consequently  little  or  no  draught  in  connexion 
with  heated  bodies,  such  as  close  stoves  and  hot  pipes,  the  heat  from 
them  is  not  freely  diffused,  and  is  not  wholesome.  There  is  with  all 
the  expense  no  ventilation. 

Stoves  and  hot  pipes  are,  moreover,  exceedingly  dangerous  inmates 
in  respect  of  fire.  Such  things  are  the  most  frequent  causes,  directly 
or  indirectly,  of  fires  in  buildings.  Placed  upon,  or  laid  among  or  about 
the  timbers  and  other  wood-work  of  hollow  floors,  and  hollow  parti- 
tions, and  in  houses  with  wooden  stairs,  more  conflagrations  are 
occasioned  by  hot  pipes  and  stoves,  than  by  any  thing  else,  and  per- 
haps more  than  by  all  other  things  together. 

Open  stoves  with  in-draught  of  air  warmed  by  being  drawn 
quickly  (when  it  is  drawn  quickly)  over  heated  surfaces  may  be 
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made  part  of  a  system  of  safe  and  wholesome  in-door  ventilation  ; 
but  to  be  perfect  there  must  be  also  out-draught  with  power  to 
compel  the  exit  of  spent  or  otherwise  unwholesome  air.  But  the 
arrangements  for  and  connected  with  such  stoves  are  special  and 
therefore  costly,  unless  the  buildings  in  which  they  may  be  em- 
ployed have  been  adapted  in  building  to  receive  them.  An  in- 
draught stove  may  however  he  applied  with  great  advantage  as 
it  regards  the  general  warmth  and  ventilation,  in  the  lowest  story  of 
any  house,  if  there  be  compelled  out-draught  at  the  highest  level 
to  which  it  will  naturally  direct  itself  if  it  be  not  retained,  so  that  the 
in-draughted  air,  tempered  as  it  enters,  may  be  drawn  out  as 
it  becomes  spent,  or  otherwise  contaminated. 

But  this  must  be  considered  in  all  endeavours  to  effect  in-door 
ventilation,  or  the  endeavour  will  fail.  The  air  must  be  acted  upon, 
and  not  be  left,  or  be  expected,  to  act  of  itself,  and  to  pass  in  or 
out  as  may  be  desired  merely  because  ways  of  ingress  and  egress  are 
made  for  it.  Make  a  fire  in  a  room,  or  apply  an  air-pump  to  the 
room,  and  the  outer  air  will  respond  to  the  power  exerted  by  either 
by  any  course  that  may  be  open  to  it,  and  supply  the  place  of  that  which 
may  be  consumed  or  ejected  ;  but  open  a  window  in  an  otherwise  close 
room  and  no  air  will  enter ;  no  air  can  enter,  indeed,  unless  force 
be  applied  as  with  a  bellows,  whereby  as  much  may  be  driven  out  as 
is  driven  in,  with  the  effect  only  of  diluting  not  of  purifying. 
Even  at  that  short  season  of  the  year  in  which  windows  may  be 
freely  opened,  unless  windows  are  so  placed  as  to  admit  of  the 
processes  of  out-door  ventilation  being  carried  on  through  them 
by  a  thorough  draught  from  low  levels  to  high  levels,  open 
windows  are  not  sufficient  to  effect  thorough  in-door  ventilation. 
There  must  for  this  purpose  be  in  every  room  a  way  by 
which  a  draught  can  be  obtained,  and  this  draught  must  take 
effect  upon  the  most  impure  air  of  the  room,  which  is  that  of  the 
highest  level.  The  chimney  opening  may  supply  a  way  at  a  low 
level,  and  a  draught  may  be  established  between  it  and  the  window, 
but  the  air  removed  from  the  room  by  such  a  draught  is  not  neces- 
sarily the  spent  or  foul  air.  But  make  an  opening  into  the  chimney 
flue  near  the  highest  level  in  the  room,  that  is  to  say,  as  near  as 
may  be  to  the  ceiling,  and  if  a  draught  be  established  between  the 
window  and  the  flue  by  this  opening  the  ventilation  is  complete ; 
that  is  to  say  again,  if  there  be  draught  enough  in  the  chimney 
flue  from  any  cause  to  induce  an  up-current  through  it,  or  if  there  be 
motion  of  the  external  air  to  drive  the  air  in  at  the  window  and 
force  an  up-current  through  the  flue. 

Windows  may  not  be  put  open  in  the  long  enduring  colder 
season,  however,  and  for  the  same  reason  in-draughts  of  the  outer 
air  by  any  other  channel  are  offensive  and  injurious.  To  open  a 
door  for  the  sake  of  air  is  but  a  modification  of  opening  a  window, 
and,  if  the  door  be  an  internal  one,  with  the  effect  of  admitting  already 
enclosed,  and,  probably,  contaminated  air.    Means  of  efficient  in- 
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door  ventilation  must  therefore,  be  independent  of  windows  and 
doors ;  and  the  means  shouldbe  such  as  will  lead  to  a  result  at 
once  wholesome  and  agreeable. 

Many  plans  have  been  suggested,  and  some  have  been  carried 
into  effect,  of  warming  air,  and  then  forcing  it  into  or  drawing  it 
through  buildings,  and,  in  the  process  of  doing  so,  removing  the 
foul,  or  spent  air  from  the  apartments  to  which  it  may  be  applied. 
Some  of  these  plans  are  more  and  some  are  less  available  to  whole- 
some and  agreeable  in  door  ventilation,  but  even  the  best  are  rather 
adapted  to  large  apartments,  such  as  those  of  Hospitals,  Churches, 
Theatres,  and  Assembly-Rooms,  than  to  private  dwelling  houses  in 
which  the  rooms  are  small  and  labour  and  cost  are  to  be  economised. 

Plans  have  been  proposed,  too,  for  the  economical  ventilation 
of  dwelling  houses ;  but  they  seem  to  be  all  in  a  greater  or  less 
degree  imperfect.  Ways  of  access  are  provided  in  some  cases  for 
the  outer  air  directly  to  the  fire  in  every  apartment,  to  feed  the 
fire,  and  indirectly  to  ventilate  the  room ;  way  of  egress  in 
addition  to  the  chimney  opening  and  the  chimney  flue  being 
sometimes  provided  for  the  spent  air  of  the  room  ;  sometimes, 
indeed,  as  before  indicated,  by  an  opening  into  the  chimney 
flue  near  the  ceiling.  A  direct  in-draught  of  cold  air  is  not 
agreeable,  and  it  may  be  pernicious,  but  if  the  outer  air  become 
warm  in  its  way  to  the  inmates  of  the  room,  the  objection  to  its 
directness  ceases.  If  however  the  warmth  is  imparted  to  it  with 
foulness,  the  process  does  not  fulfil  the  condition  as  to  wholesome- 
ness,  and  this  is  the  case^don©  when  the  outer  air  is  admitted  at 
or  near  to  the  ceiling  to  take  up  warmth  from  the  spent  and  heated 
atmosphere  of  the  higher  levels.  Having  undergone  this  process, 
it  is  not  the  fresh  air  that  comes  warmed  to  the  inmates,  but  a 
mixture  of  fresh  and  foul  air  that  cannot  be  agreeable  to  any  inmate 
conscious  of  the  nature  of  the  compound. 

The  endeavour  on  the  present  occasion  is  to  show  how  the  familiar 
fire  of  an  apartment  may  be  made  to  fulfil  all  the  conditions  necessary 
to  obtain  in-door  ventilation,  to  the  extent  at  least  of  the  apart- 
ment in  which  the  fire  may  be  maintained,  and  while  it  is  maintained. 

A  fire  in  an  ordinary  grate  establishes  a  draught  in  the  flue 
over  it  with  power  according  to  its  own  intensity,  and  it  acts 
with  the  same  effect,  at  least,  upon  the  air  within  its  reach,  for 
the  means  which  enable  it  to  establish  and  keep  up  the  draught  in 
the  flue.  The  fire  necessarily  heats  the  grate  in  which  it  is  kept 
up,  and  the  materials  of  which  grates  are  composed  being  necessarily 
incombustible,  and  being  also  ready  recipients  and  conductors 
of  heat,  they  will  impart  heat  to  whatever  may  be  brought  into 
contact  with  them. 

It  is  supposed  that  the  case  containing  the  body  of  the  grate  is 
set  on  an  iron  or  stone  hearth  in  the  chimney  recess,  free  of  the 
sides  and  back  except  as  to  the  joints  in  front.  Let  all  communi- 
cation between  the  chamber  so  formed  about  the  back  and  sides  of 
the  grate  and  the  chimney  flue  be  shut  off  by  an  iron  plate,  open  only 
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for  the  register  flap  or  valve  over  the  fire  itself.  External  air  is  to 
be  admitted  to  the  closed  chambers  thus  obtained  about  the  grate 
by  a  tube  or  channel  leading  through  the  nearest  and  most  con- 
venient outer  wall  of  the  building  and  between  the  joists  of 
the  floor  of  the  room,  to  and  under  the  outer  hearth  or  slab 
before  the  fire,  and  so  to  and  under  the  back  hearth  in  which 
sufficient  holes  may  be  made  to  allow  the  air  entering  by  the  tube 
or  channel  to  rise  into  the  chamber  about  the  fire-box  or  grate. 
Openings  taking  any  form  that  may  be  agreeable  are  to  be  made 
through  the  cheeks  of  the  grate  into  the  air-chamber  at  the  level 
of  the  hearth.  In  this  manner  will  be  provided  a  free  inlet  for 
the  outer  air  to  the  fire-place  and  to  the  fire,  and  of  the  facility 
so  provided  the  fire  will  readily  avail  itself  to  the  abolition  of  all 
illicit  draughts.  But  the  air  in  passing  through  the  air  chamber  in 
its  way  to  the  fire  which  draws  it,  is  drawn  over  the  heated  surfaces 
of  the  grate  and  it  thus  becomes  warmed,  and  in  that  condition 
it  reaches  the  apartment. 

An  upright  metal  plate  set  up  behind  the  openings  through  cheeks 
of  the  grate,  but  clear  of  them,  will  bend  the  current  of  warmed  air  in 
its  passage  through  the  inlet  holes,  and  thus  compel  the  fire  to  allow 
what  is  not  necessary  to  it  to  pass  into  the  room  ;  and  if  the  opening 
over  the  fire  to  the  flue  be  reduced  to  the  real  want  of  the  fire,  the 
consumption  of  air  by  the  fire  will  not  be  so  great  as  may  be  supposed, 
and  there  will  remain  a  supply  of  tempered  air  waiting  only  an  induce- 
ment to  enter  for  the  use  of  the  inmates  of  the  apartment.  An  opening 
directly  from  the  room  into  the  flue  upon  which  the  fire  is  acting  with 
a  draught  more  or  less  strong,  at  a  high  level  in  the  room,  will  afford 
this  inducement ;  it  will  allow  the  draught  in  the  flue  to  act  upon  the 
heated  and  spent  air  under  the  ceiling,  and  draw  it  off  ;  and  in  doing 
so  will  induce  a  flow  of  the  fresh  and  tempered  air  from  about  the 
body  of  the  grate  into  the  room. 

The  mode  thus  indicated  of  increasing  the  effect  of  the  familiar  fire, 
and  making  it  subservient  to  the  important  function  of  free  and  whole- 
some ventilation,  is  not  to  be  taken  as  a  mere  suggestion,  and  now  for 
the  first  time  made.  It  has  been  in  effective  operation  for  six  or  seven 
years,  and  is  found  to  answer  well  with  the  simple  appliances  referred 
to.  But  it  is  the  mode  and  the  principle  of  action  that  it  is  desired 
to  recommend,  and  not  the  appliances,  since  persons  more  skilled  in 
mechanical  contrivances  than  the  author  professes  to  be,  may  probably 
be  able  to  devise  others  better  adapted  to  the  purpose.* 

The  mode  referred  to  of  warming  and  ventilating  apartments  by 
their  own  fires  is  most  easy  of  application,  and  in  houses  of  all  kinds, 
great  and  smaD,  old  and  new,  and  as  the  warmth  derived  from  the 
fire  in  any  case,  comes  directly  by  the  in-draughted  air,  as  well  as 
by  radiation  of  heat  into  tbe  air  of  the  apartment,  fuel  is  econo- 
mized.    If  the  register  flap  be  made  to  open  and  shut,  by  any 

•  The  appliances  used  by  Mr.  I-Iosking,  will  be  found  more  fully  described 
in  his  "  Healthy  Homes"  published  by  Mr.  Murray. 
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means  which  give  easy  command  over  it,  so  that  it  may  be  opened 
more  or  less  according  to  the  occasion,  and  this  be  attended  to,  the 
economy  will  be  assured,  for  it  is  quite  unnecessary  to  leave  the  same 
space  open  over  the  fire  after  the  steam  and  smoke  arising  from 
fresh  fuel  have  been  thrown  off,  as  may  be  necessary  immediately  after 
coaling.  The  opening  by  theregister  valve  into  the  flue  may  be  reduced 
when  the  smoke  has  been  thrown  off,  so  as  to  check  the  draught  of  air 
through  the  fire,  and  greatly  to  increase  the  draught  by  the  upper 
opening  into  the  flue,  to  the  advantage  of  the  ventilation  and  to 
the  saving  of  fuel,  while  the  heat  from  the  incandescent  fuel  will 
be  thereby  rather  increased  than  diminished. 

Moreover  the  system  being  applicable  in  the  cottage  of  the  labourer, 
as  fully  and  as  easily  as  in  the  better  appointed  dwellings  of  those  who 
need  not  economize  so  closely  as  labouring  people  are  obliged  to  eco- 
nomize, the  warmed  air  about  the  grate  in  a  lower  room  may  be  con- 
veyed directly  from  the  air-chamber  about  the  grate  by  a  metal,  or  pot 
pipe,  up  the  chimney  flue,  and  be  delivered  in  any  upper  room 
next  to  the  same  flue  and  requiring  warmth  and  ventilation,  the 
process  of  ventilation  applied  to  the  lower  room  being  applicable 
to  the  upper  room  also. 

The  indicated  means  by  which  winter  ventilation  is  obtained  are  not 
of  course  equally  efficient  in  summer,  for  the  draught  of  the  fire  is 
wanting ;  but  the  inlet  at  the  low  level  for  fresh  air,  and  the  outlet  for 
the  spent  air  at  the  upper  level  continuing  always  open,  the  heat 
which  the  flue  will  in  most  cases  retain  through  the  summer  aided  by 
that  of  the  sun's  rays  upon  the  chimney  top,  secures  a  certain 
amount  of  up-draught,  which  is  not  without  its  effect  upon  the  in- 
draught by  the  lower  inlet  even  when  windows  and  doors  are  shut. 

"While  it  is  obvious  that  the  air  drawn  into  any  house  for  the 
purpose  of  in-door  ventilation  need  not  be  other  than  that  which 
would  enter  by  the  windows  of  the  same  house,  it  may  be  unnecesary 
to  enter  into  any  inquiry  as  to  the  condition  of  the  air  heretofore 
spoken  of  as  fresh  and  pure.  "  Fresh  "  and  "  pure  "  applied  to  air 
must  be  taken  to  mean  the  freshest  and  purest  immediately  obtainable, 
and  that  will  be  the  same  whether  it  be  drawn  in  through  a  grated 
hole  in  a  wall,  or  by  a  glazed  opening  close  by  it  in  the  same  wall. 
But  it  is  a  fair  subject  for  inquiry  whether, — speaking  in  London  to 
Londoners, —  the  air  about  our  houses  in  London  is  as  pure, —  or  as 
free  from  impurity, —  as  it  might  be. 

The  out-door  ventilation  of  large  towns  may  be  taken  to  be  more 
complete  above  the  tops  of  the  houses  and  of  their  chimneys  than  it 
is  or,  perhaps,  can  be  among  and  about  the  houses  ;  —  the  processes 
of  Nature  are  there  not  only  unchecked,  but  are  in  fact  aided  by  the 
heat  thrown  up  by  the  chimneys  into  the  upper  air,  and  impurities 
which  can  be  passed  off  by  chimney  flues,  will  be  more  certainly 
and  more  effectually  removed  and  changed  by  Nature's  chemistry, 
than  if  they  are  kept  down  to  fester  under  foot  and  to  exhale  in 
our  streets  and  about  our  doors  and  windows. 
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At  this  time  every  endeavour  is  made  to  provide  for  removing  from 
our  dwellings  all  excrementitious  matter,  and  all  soluble  refuse,  ,by 
drains  into  sewers,  and  so  by  the  sewers  to  some  outfall  for  discharge. 
The  drain  necessarily  falls  towards  the  sewer,  and  the  sewer  again 
to  its  outfall,  and  the  sullage  or  soil  drainage  being  rendered  liquid 
thus  passes  in  the  usual  course.  But  the  usages  and  the  neces- 
sities of  civilized  life  cause  a  large  proportion  of  the  liquid  refuse 
from  dwelling-houses  to  pass  off  in  a  heated  state,  or  to  be 
followed  by  hot  water  arising  from  culinary  processes,  and  from 
washing  in  all  its  varieties.  The  heat  so  entering  the  drains  causes 
the  evolution  of  fetid  and  noxious  gases  from  the  matters  which  go 
with,  or  have  gone  before,  the  hot  water ;  and  with  these  gases 
house-drains  almost  always,  and  sewers,  commonly,  stand  charged. 
They  are  light  fluids  and  do  not  go  down  with  the  heavy  liquid 
matters  from  which  they  have  been  evolved,  but  they  seek  to  rise, 
and  constantly  do  rise  in  almost  every  house  through  imperfections 
or  derangements  of  the  flaps  and  traps  which  are  intended  to  keep 
them  down,  but  which  only,  when  they  do  act,  compel  some  of  the 
foul  air  to  enter  the  sewers,  and  there  to  seek  outlet  to  the  upper 
air  which  they  find  by  the  guhey  gratings  in  the  streets. 

It  can  hardly  be  said  perhaps  that  too  much  attention  has  been 
given  of  late  to  the  scour  of  sewers  by  water,  but  it  is  most  certain 
that  too  little  attention  has  been  given  to  the  considerations  last 
stated,  for  nothing  has  been  done  to  relieve  the  drains  and  sewers 
of  their  worst  offence.  The  evolution  of  foul  and  noxious  gases  in 
the  drains  is  certainly  not  prevented  by  scouring  the  sewers.  In 
the  mean  time  the  poison  exists  underfoot,  and  exudes  at  every 
pregnable  point  within  and  about  our  houses,  and  it  rises  at  every 
grating  in  our  streets,  though  the  senses  may  become  dull  to  them 
by  constant  suffering. 

Now  this  is  an  evil  which  can  be  greatly  ameliorated,  if  it  cannot 
indeed,  be  wholly  cured  ;  but  it  is  by  a  process  that  to  be  effective 
must  be  general,  and,  therefore,  it  must  be  added,  compulsory.  The 
process  is  of  familiar  application  in  the  ventilation  of  mines,  and 
particularly  of  coal  mines. —  An  up-cast  shaft  containing  a  common 
chimney  flue  carried  up  at  the  back  of  every  house,  and  connected 
with  the  house- drains  at  their  highest  level  would  give  vent  to 
the  foul  air  in  the  drains,  and  discharge  it  into  the  upper  air.  — 
The  foul  air  evolved  by  heat  expands,  and  expanding  it  rises, 
and  rising  it  would  be  followed  by  cold  air  settling  down  by  the  gul- 
ley  gratings  in  the  streets,  thus  constituting  their  inlets  downcast 
shafts,  and  the  sewers  and  drains  themselves  channels  for  the  cur- 
rents setting  to  the  up-cast  shafts,  by  which  they  would  be  relieved. 
The  down  draught  into  the  sewers  would  carry  with  it  much  soot 
and  fine  dust,  which  would  settle  upon  the  liquid  current  and  pass 
off  with  it,  and  so  remove  some  of  the  tangible  as  well  as  the  in- 
tangible impurities,  before  referred  to,  from  the  air  in  our  streets 
and  about  our  houses. 

Much  in  this  way  might  be  effected  by  the  aid  of  causes  in  con- 
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stant  operation,  but  if  the  up-cast  shaft  to  every  house  were  also  a 
firs-flue,  or  were  only  aided  by  the  draught  of  a  neighbouring  fire, 
the  up-current  would  be  sufficient  not  only  to  prevent  the  house 
drains  from  retaining  foul  air,  but  the  foul  air  would  be  thrown  off 
into  the  upper  air  with  better  effect  and  be  dissipated  innocuously 
and  without  offence  instead  of  steaming  as  it  now  does  from  the  sewers 
into  the  air  where  it  cannot  be  avoided. 

W.  H, 


Artificial  Production  of  the  Ruby,  8<c. 

M.  Ebelman  of  the  Sevre  works  near  Paris  being  present  with 
various  specimens  of  the  minerals  which  he  has  produced  artificially ; 
Mr.  Faraday  stated  the  process  and  results  generally  to  the  Members. 
The  process  consists  in  employing  a  solvent,  which  shall  first  dissolve 
the  mineral  or  its  constituents ;  and  shall  further,  either  upon  its 
removal  or  a  diminution  of  its  dissolving  powers,  permit  the  mineral 
to  aggregate  in  a  crystalline  condition.  Such  solvents  are  boracic 
acid,  borax,  phosphate  of  soda,  phosphoric  acid  &c. : — the  one 
chiefly  employed  by  M.  Ebelman  is  boracic  acid.  By  putting 
together  certain  proportions  of  alumina  and  magnesia,  with  a  little 
oxide  of  chrome  or  other  colouring  matter,  and  fused  boracic  acid 
into  a  fit  vessel,  and  enclosing  that  in  another,  so  that  the  whole 
could  be  exposed  to  the  high  heat  of  a  porcelain  or  other  furnace, 
the  materials  became  dissolved  in  the  boracic  acid  ;  and  then  as  the 
heat  was  continued  the  boracic  acid  evaporated,  and  the  fixed 
materials  were  found  combined  and  crystallized,  and  presenting  true 
specimens  of  spinel.  In  this  way  crystals  having  the  same  form, 
hardness,  colour,  specific  gravity,  composition,  and  effect  on  light  as 
the  true  ruby,  the  cymophane,  and  other  mineral  bodies,  were  prepared, 
and  were  in  fact  identical  with  them.  Chromates  were  made,  the 
emerald  and  corundum  crystallized,  the  peridot  formed,  and  many 
combinations  as  yet  unknown  to  mineralogists  produced.  Some  of 
the  crystals  of  spinel  of  recent  production  which  M.  Ebelman  ex- 
hibited had  facets  the  eighth  of  an  inch  or  more  on  the  sides,  [see 
Annates  de  Chimie,  1848,  tome  xxii.  p.  21 1.]  M.  F. 


In  the  Library  were  exhibited  : — 

Cunningham's  Patent  Mode  of  Reefing  Topsails  [by  H.  Cunning- 
ham, Esq.]. 

Gage's  Cataplasmes  Galvaniques  [by  Dr.  Bence  Jones] . 
Specimens  of  Porphyritic  Granite,  from  Fowey,  Cornwall,  worked 

by  Mr.  J.  H.  Meredith  [by  Mr.  J.  H.  Meredith]. 
Stag- Candelabrum  [by  Messrs.  Hunt  and  Roskell],  &c.  &c. 


(  Copy.  ) 
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VENTILATION  OF  THE  HALL  OF  THE  HOUSE  OF  REPRE- 
SENTATIVES. 


June  20,  1868. — Ordered  to  be  printed  and  recommitted  to  the  Committee  on  Public  Build- 
ings and  Grounds;  and  the  maps  accompanying  the  same  to  be  referred  to  the  Committee 
on  Printing. 

Mr.  Covode,  from  the  Committee  on  Public  Buildings  and  Grounds,  made  the 

following 

REPORT.! 

The  Committee  on  Public  Buildings  and  Grounds,  to  whom  ivas  referred  the 
resolution — 

Whereas  the  confined  and  poisonous  air  of  the  hall  and  corridors  of  the  representative 
vring  of  the  Capitol  has  caused  much  sickness  and  eveu  several  deaths  among  the  members  of 
this  house,  and  under  present  arrangements  must  continue  to  remain  in  a  poisonous  condition: 

Besotted,  That  the  Committee  on  Public  Buildings  and  Grounds  be  directed  to  examine 
at  once  and  report  to  this  house  by  what  means  a  sufficient  supply  of  pure  air  may  be 
obtained  for  said  hall,  and  that  said  committee  be  empowered  to  use  the  present  means  of 
ventilation  to  the  best  advantage  for  the  present;  and  that  they  report  by  bill  or  otherwise — 

make  the  following  report : 

That  they  have  given  much  attention  to  the  subject.  That  after  examining 
the  several  reports  that  have  heretofore  been  made  regarding  the  ventilation  of 
the  hall,  Bud  the  views  of  the  most  eminent  men  widely  differing.  First,  as  to 
any  necessity  for  further  ventilation;  and  second,  should  there  be  any  need  of 
improvement  in  this  respect,  how  it  could  best  be  secured.  It  seemed  to  your 
committee  that  much  of  this  wide  difference  of  opinion  was  due  to  the  entire 
want  of  positive  facts,  such  as:  First.  How  much  fresh  air  does  really  enter  the 
hall?  Second.  How  much  of  the  air  flowing  into  the  hall  comes  from  the  cor- 
ridors, galleries,  smoking-rooms,  &c?  Third.  Is  there  a  fair  and  even  distri- 
bution of  the  fresh  air  (if  there  is  any)  over  the  entire  floor  of  the  House,  or 
does  it  all  flow  through  one  portion  and  leave  the  other  portion  stagnant  and 
foul  ? 

With  the  hope  of  eliciting  some  more  definite  information  in  regard  to  these 
points,  your  committee  determined  to  call  in  the  assistance  of  some  professional 
men  who  had  devoted  much  time  to  this  subject.  They  first  called  upon  Gen- 
eral Herman  Haupt,  an  engineer  distinguished  not  less  for  his  scientific  attain- 
ments than  for  sound  judgment  and  long  experience. 

General  Haupt  graduated  at  West  Point  in  1835;  he  has  been  favorably 
known  to  the  chairman  of  the  committee  for  more  than  20  years,  as  chief 
engineer,  and  general  superintendent  of  the  Pennsylvania  railroad.  For  several 
years  ho  was  professor  of  mathematics,  civil  engineering,  and  architecture  in 
Pennsylvania  College. 

The  systems  of  ventilation  as  applicable  to  mines  and  tunnels,  also  received 
at  his  hands  a  thorough  experimental  investigation,  and  results  of  the  highest 
practical  importance  were  elicited. 

For  these  reasons  the  committee  have  considered  the  opinions  of  General 
Haupt  as  eminently  worthy  of  confidence,  even  in  opposition  to  the  distinguished 
names  that  have  been  appended  to  previous  reports. 

The  report  of  General  Haupt  is  appended  to  this  report. 
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The  committee  also  called  on  Mr.  Lewis  W.  Leeds,  a  gentleman  who  has 
devoted  his  attention  exclusively  to  the  subject  of  ventilation  for  many  years 
past;  was  consulting  engineer  of  ventilation  for  the  Quartermaster  General  aud 
Surgeon  General  during  the  war,  in  which  service  he  gave  the  plans  and  direc- 
tions for  the  ventilation  of  most  of  the  government  hospitals,  the  practical  re- 
sults of  which  have  been  spoken  of  in  the  highest  terms  by  all  the  medical  men 
and  other  officers  acquainted  with  the  operations  thereof. 

The  system  of  ventilation  adopted  for  these  hospitals  also  received  the  highest 
commendation  from  the  committee  on  sanitary  arrangements  at  the  late  Parrs 
Exposition. 

Mr.  Leeds  is  at  present  consulting  engineer  of  the  Treasury  Department, 
and  has  arranged  the  ventilation  for  the  various  new  buildings  under  the  charge 
of  that  department.  His  report,  with  a  number  of  diagrams  giving  a  record  of 
a  large  number  of  experiments,  and  giving  also  a  summary  of  tbe  results  as 
indicated  by  those  experiments,  is  also  appended  to  this  report. 

Mr.  Leeds's  report  gives  the  record  of  26  experiments,  tried  on  the  5th  instant, 
for  the  purpose  of  determining  the  direction  of  the  perpendicular  currents  in 
the  loft  over  the  hall  of  representatives.  These  show  that  the  air  from  the 
loft  is  falling  down  into  the  hall  all  around  the  northeast  and  south  sides  of  the 
room  ;  it  rises  in  the  west. 

Twelve  different  experiments  show  the  temperature  on  the  afternoon  of  the 
5th  to  range  from  44°  to  48°  around  the  exterior  and  only  56°  on  the  glass 
ceiling,  immediately  over  the  centre  of  the  room.  At  9  o'clock  on  the  morning 
of  the  7th  the  thermometer  was  38°  in  the  loft, 

Fifteen  experiments  tried  on  the  morning  of  the  6th  show  these  cold  currents 
from  the  loft  to  sweep  down  on  the  outside  of  the  galleries,  carrying  with  them 
all  the  air  contaminated  by  the  crowds  in  these  galleries,  and  pouring  it  over 
into  the  floor  of  the  House;  this  occurs  on  the  northeast  and  south  sides  of  the 
House,  rising  on  the  west. 

There  was  a  strong  current  found  to  be  setting  in  to  the  House  from  every 
external  door  both  on  the  floor  and  in  the  galleries.  Thus  it,  will  be  seen  that 
instead  of  the  hall  of  representatives  being  overflowed  with  fresh  external  air, 
and  as  we  have  been  so  often  told,  with  40,000  or  60,000  cubic  feet  per  minute, 
the  truth  is  the  floor  of  the  House  where  the  members  sit  receives  the  washings 
from  the  foul  corridors,  galleries,  loft,  &c,  and  is  really  the  foulest  place  in  the 
whole  building. 

There  is  a  very  small  amount  of  air  indeed  coming  in  through  the  registers 
on  the  floor  of  the  House,  but  this,  by  some,  may  be  considered  an  advantage 
rather  than  otherwise,  as  many  of  them  are  so  choked  up  with  tobacco  spittle 
and  sweepings  of  the  floor  as  to  render  the  air  rising  from  them  very  disagreeable. 

Your  committee  have  tried  a  number  of  these  experiments  with  Mr.  Leeds 
and  find  them  substantially  correct. 

It  is  very  evident  from  these  experiments  that  the  original  intention  of  the 
designers  must  have  been  so  mutilated  by  subsequent  alteration  as  to  entirely 
defeat  the  object  desired  to  be  gained,  and  that  there  is  now  a  necessity  for  some 

decided  change.  . 

General  Haupt  enters  into  an  elaborate  argument  to  show  that  the  carbonic 
acid  and  other  impurities  from  the  lungs  and  skin  fall  to  the  floor,  and  conse- 
quently provision  should  be  made  for  the  removal  of  the  foul  air  from  that 
point.  He  proposes  leaving  the  entrance  for  the  heated  air  at  the  floors  as  at 
present  arranged.  .  , 

Mr.  Leeds  quite  agrees  with  General  Haupt  that  the  carbonic  acid  from  the 
lungs  falls  to  the  floor  in  a  still  room  with  a  temperature  of  70°,  and  that  an 
excess  would  be  found  there,  especially  where  all  the  air  enters  warmer  than 
the  required  temperature  of  the  room.  He  thinks  there  should  be  openings 
for  the  escape  of  the  foul  air  from  numerous  points  over  the  floor. 
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Mr.  Leeds  says,  however,  that  the  whole  system  of  heating  exclusively  by 
circulating  warmed  air  is  wrong,  and  that  no  building  can  ever  be  made  com- 
fortable and  satisfactory  in  that  way  ;  that  where  all  the  air  is  heated  hotter  than 
is  required  for  breathing,  it  produces  languor  and  debility  similar  to  what  is  felt 
of  a  hot,  close  summer  day.  He  says  that  it  is  absolutely  necessary  that  there 
should  be  a  considerable  amount  of  direct  radiation,  and  proposes  that  there 
should  be  several  good  old-fashioned  wood  fires,  and  perhaps  some  steam  radiators 
placed  in  some  portions  of  the  room  ;  or,  what  would  answer  equally  well,  to  have 
the  sides  of  the  walls  heated  to  about  the  temperature  of  our  bodies,  or  a  little 
warmer,  so  as  to  be  radiating  heat  to  us  instead  of  robbing  us  of  it. 

Mr.  Clark,  the  present  architect,  quite  agrees  in  this  opinion,  but  thinks  it 
would  be  better  to  have  the  fires  in  the  cloak-rooms.  He  also  says  he  thinks 
the  present  floor  should  be  taken  up,  and  either  the  whole  space  under  the  floor 
be  used  as  a  general  hot-air  chamber,  or  that  there  should  be  a  different  adjust- 
ment of  the  fines,  as  since  the  completion  of  the  building  one-half  of  the  registers 
has  been  removed  by  parties  not  connected  with  or  familiar  with  the  original 
construction  of  the  building  ;  and  he  thinks  the  original  construction  of  the  flues 
has  been  materially  interfered  with,  as  it  is  now  difficult  to  heat  the  side  far- 
thest from  the  entrance  of  the  warmer  air  to  the  same  height  by  several  degrees 
as  that  nearest  the  entrance  thereof. 

It  must  be  very  evident  to  every  one,  from  the  results  given  of  the  experiments 
tried,  that  when  the  gas  is  lighted  much  of  the  foul  air  and  products  of  combus- 
tion must  descend  into  the  hall.    This  ought  to  be  prevented. 

Your  committee  believe,  as  expressed  by  Mr.  Leeds,  that  it  is  essential  that 
the  direct  rays  of  the  sun  should  shine  into  every  occupied  room  to  preserve  it 
in  a  pure  and  wholesome  condition.  And  they  believe  it  quite  possible  that 
some  plan  might  be  devised  by  which  this  desirable  object  could  be  accomplished 
at  small  expense  and  without  materially  changing  the  present  construction  of 
the  building. 

Your  committee  would  recommend  that  a  competent  person  should  be  employed 
to  make  such  further  examinations  and  experiments  as  may  be  necessary  to 
determine  the  conditions  of  the  ventilation  under  the  various  changes  of  wind 
and  temperature,  and  that  he  make  a  report,  with  such  plans  as  may  be  neces- 
sary for  illustrating  these  suggestions  as  to  the  best  means  of  improving  the  venti- 
lation and  the  heating  and  lighting. 


To  the  Hon.  John  Covode, 

Chairman  of  Committee  on  Ventilation : 

An  examination  of  the  ventilation  and  heating  of  the  Hall  of  Representatives 
at  the  Capitol  has  fully  convinced  me  that  very  serious  defects  do  actually  exist 
in  the  present  systems. 

But  I  find,  after  a  careful  examination  of  the  elaborate  reports  of  Professor 
Henry,  Dr.  Wetherill,  Thos.  U.  Walters,  and  others,  that  I  am  obliged  to  differ 
with  these  gentlemen  as  to  the  best  means  of  ventilating  this  building. 

In. thus  differing  in  opinion  with  such  distinguished  gentlemen,  I  shall  feel  it 
ray  duty  to  express  fully  the  grounds  upon  which  I  base  that  opinion. 

FUNDAMENTAL  PRINCIPLES  OP  VENTILATION. 

The  plans  proposed  for  the  ventilation  of  the  hall  are  based  on  two  simple 
propositions  : 

1.  Heated  air  is  relatively  lighter  than  colder  air,  and  will  continue  to  ascend 
and  the  cold  air  to  descend  so  long  as  they  are  free  to  move. 

2.  More  or  less  than  a  given  quantity  of  air,  practically  considered,  cannot 
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occupy  nn  apartment,  and  air  cannot  be  introduced  unless  an  equal  quantity  be 
withdrawn,  or  withdrawn  unless  an  equal  quantity  be  introduced. 

These  two  simple  and  self-evident  propositions  will  explain  nearly  all  the 
phenomena  observable  in  ventilation. 

PHENOMENA  OF  VENTILATION. 

If  heated  air  is  introduced  into  an  apartment  containing  air  at  a  lower  tem- 
perature through  registers  at  the  floors,  it  rises  rapidly  to  the  ceiling  ;  and  if  there 
are  openings  at  the  ceiling  it  escapes  without,  except  in  a  very  slight  degree, 
mixing  with  the  air  in  the  apartment.  The  air  that  passes  off  in  this  manner  is 
absolutely  lost  and  the  heat  imparted  to  it  wasted.  It  does  not  remove  the  viti- 
ated air  contained  in  the  lower  part  of  the  apartment ;  it  does  not  form  with  it 
a  homogeneous  mixture,  and  does  not  communicate  to  it  more  than  a  small  por- 
tion of  its  heat.  But  if,  instead  of  the  escape  openings  at  the  ceiling,  they  are 
placed  at  the  floor,  the  phenomena  observed  will  be  widely  different.  The  heated 
air  will,  as  before,  rise  to  the  ceiling,  but  instead  of  escaping  will  press  the  colder 
air  downwards  towards  the  exit  ducts  and  fill  the  apartment  with  pure  warm  air ; 
the  air  vitiated  by  breathing  will  at  once  sink  below  the  level  of  the  mouth  and 
in  a  few  seconds  will  be  carried  off,  no  accumulation  of  foul  air  being  possible. 
In  these  few  words  the  whole  theory  of  ventilation  is  in  a  general  way  presented  ; 
it  only  remains  to  make  an  application  to  the  case  under  consideration. 

QUANTITY  OF  AIR  REQUIRED. 

In  the  able  report  of  Dr.  Wetherill  (Ex.  Doc.  No.  100,  39th  Congress),  vari- 
ous opinions  are  given  as  to  the  amount  of  fresh  air  necessary  to  render  the  pro- 
ducts of  transpiration  and  respiration  innocuous.  These  estimates,  made  by  dis- 
tinguished observers,  vary  from  2  to  50  cubic  feet  per  man  per  minute. 

These  estimates  are  generally  made  upon  the  hypothesis  that  the  fresh  air 
introduced  into  an  apartment  mixes  uniformly  and  homogeneously  with  the  viti- 
ated air  and  dilutes  it  to  an  exteut  sufficient  to  render  it  innocuous;  but  if,  instead 
of  mixing  with  the  air  of  the  apartment,  the  warm  pure  air  should  rise  to  the 
ceiling  and  escape,  all  conclusions  based  on  the  hypothesis  of  homogeneous 
mixture  would  be  fallacious  ;  and  this  fallacy,  it  appears  to  your  committee,  per- 
vades the  whole  of  the  very  able  scientific  reports  that  have  been  heretofore  sub- 
mitted. 

The  House  of  Representatives  has  a  capacity  of  465,372  cubic  feet  and  is  sup- 
plied with  60,000  cubic  feet  of  fresh  air  per  minute,  which  Dr.  Wetherill  assumes 
will  change  the  whole  air  every  seven  minutes  and  furnish  to  each  of  a  thousand 
persons  60  cubic  feet  per  minute. 

If  the  whole  air  were  changed  every  seven  minutes  or  even  once  in  an  hour, 
the  ventilation  would  be  ample,  whereas  it  is  notoriously  defective.  It  is  obvious, 
therefore,  that  nearly  all  of  the  60,000  cubic  feet  per  minute  must  on  the  present 
system  escape  without  performing  its  intended  office  in  purifying  the  air. 

If  air  that  has  once  been  respired  could  be  immediately  removed  without 
being  a  second  time  taken  into  the  lungs,  it  is  obvious  that  so  far  as  respiration 
is  concerned  no  more  air  need  be  introduced  into  an  apartment  in  a  given. time 
than  can  be  breathed.    This  amount  is  easily  calculated. 

At  a  temperature  of  from  65°  to  70°  Fahrenheit  the  following  average 
results  are  given  by  Dr.  Wetherill  for  the  respiration  of  an  adult : 

Number  of  respirations  per  minute  20 

Cubic  inches  of  air  inhaled  at  each  respiration  -0 

Cubic  inches  per  minute       .  *^0 

The  carbonic  acid  exhaled  is  stated  to  be  15  cubic  inches  per  minute  and  the 
surrounding  air  vitiated  is  2^  cubic  feet  per  minute. 
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Four  hundred  cubic  inches  is  less  than  one-fourth  of  a  cubic  foot,  and  this  is  all 
that  can  be  taken  into  the  lungs  per  minute.  It  would  seem  reasonable  to  suppose 
that  if  this  small  quantity  could  be  removed  at  once,  so  that  no  portionof  it  could 
be  breathed  a  second  time,  no  greater  amount  of  air  for  respiration  could  be  required. 
Certainly  it  would  seem  that  the  removal  of  the  2|-  cubic  feet  vitiated  by  respi- 
ration would  be  an  ample  allowance.  What  judgment,  then,  should  be  pronounced 
upon  the  present  system,  which  with  60  cubic  feet  per  man  per  minute  fails  to 
remove  the  vitiated  air? 

The  quantity  of  air  introduced  is  twenty  times  as  great  as  the  quantity  that 
could  be  vitiated  by  respiration,  provided  there  was  a  homogeneous  mixture. 
The  facts  which  are  daily  observed  prove  that  such  homogeneous  mixture  does 
not  exist  under  the  present  system. 

If  nineteen-twentieths  of  the  heated  air  which  enters  the  apartment  escapes 
without  being  utilized,  it  follows  that  nearly  all  the  fuel  consumed  in  heating  it 
lias  been  wasted. 

POSITION  OCCUPIED  BY  VITIATED  ATR. 

In  the  process  of  respiration  15  cubic  inches  of  carbonic  acid  per  man  per 
minute  are  ejected  from  the  lnngs.  This  gas  in  course  of  time  would  diffuse 
itself  throughout  the  apartment,  but  it  is  well  known  that  its  density  is  so  great 
that  it  can  be  poured  from  one  vessel  into  another,  or  if  poured  into  an  inclined 
trough  it  will  flow  downwards,  extinguishing  successively  a  row  of  lights.  The 
specific  gravity  of  this  gas  is  1.52,  or  52  per  cent,  heavier  than  air.  Its  ten- 
dency would  therefore  be  when  exhaled  to  sink  below  the  level  of  the  mouth, 
and  occupy  the  lower  portions  of  an  apartment  near  the  floor ;  but  it  has  been 
supposed  that  the  elevated  temperature  at  which  it  is  projected  from  the  lungs 
causes  this  gas  to  rise  and  escape  at  the  roof.  The  fallacy  of  such  an  opinion 
can  be  readily  proved. 

Even  if  the  temperature  at  which  carbonic  acid  escapes  from  the  lungs  should 
be  so  elevated  as  to  render  it  momentarily  specifically  lighter  than  the  surround- 
ing air,  it  would  soon  part  with  the  excess  of  heat  and  then  seek  the  level  due 
to  its  superior  density  ;  but  in  fact,  under  the  condition  of  things  which  actually 
exists,  there  is  only  about  20  degrees  difference  in  temperature  between  the  air 
when  first  expelled  from  the  lungs  and  that  of  the  apartment,  as  air  increases  in 
volume  of  its  bulk  for  each  degree  of  Fahrenheit.  The  effect  of  increasing 
the  temperature  20  degrees  would  be  to  reduce  the  specific  gravity  less  than  10 
per  cent,  and  the  carbonic  acid  upon  leaving  the  lungs  would  still  be  40  per 
cent,  heavier  than  the  air  of  the  apartment.  It  would  seem  impossible  for  this 
dense  gas  to  rise  to  the  ceiling  and  escape  at  that  level  without  a  violation  of 

'  the  laws  of  pneumatics,  and  yet  the  projectors  of  the  present  system  of  ventila- 
tion made  no  provision  whatever  for  its  escape  at  the  level  of  the  floor,  at  which 
level  alone  it  is  possible  effectually  to  remove  it.  Mr.  Clark,  the  present  archi- 
tect, seems  to  have  appreciated  the  necessity  of  doing  something  to  remove  the 
carbonic  acid  at  the  level  of  the  floor,  and  he  provided  an  8-inch  tin  pipe  con- 
necting with  one  of  the  registers,  but  an  exit  duct  fifty  times  the  area  of  the 

!  present  openings  in  the  register  would  not  be  sufficient,  and  the  inlet  and  exit 
ducts  should  allow  of  the  passage  of  nearly  equal  volumes. 

DEFECTS  OF  PRESENT  SYSTEM. 

The  defects  of  the  present  system  of  ventilation  are  apparent  from  the  pre- 
'Ceding  considerations.  Although  60,000  cubic  feet  of  heated  air  per  minute  are 
Forced  into  the  hall  through  registers  in  the  floor,  nearly  the  whole  volume  rises 
rapidly  to  the  ceiling  and  escapes  through  openings  provided  for  it  without 
•arrying  with  it  the  carbonic  acid  and  other  impurities,  and  this  evil  is  greatly 
iggravated  by  the  fact  that  not  only  the  air  vitiated  by  the  members,  but  also 
hat  from  the  galleries,  often  crowded  to  excess,  seeks  the  lowest  level  in  the 
lall,  to  the  great  injury  and  discomfort  of  all  whose  seats  are  near  the  floor. 
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REMEDY  FOR  EVILS. 

The  remedy  is  simple ;  it  consists  in  an  application  of  ihe  principles  con- 
tained in  the  two  propositions  which  were  enunciated  at  the  commencement  of 
this  report.  Close  the  openings  at  the  ceiling  and  make  others  of  area  equal  to 
the  inlet  registers  at  the  floor  and  around  the  galleries.  The  exit  ducts  should 
communicate  with  flues  in  which  a  current  may  be  maintained  by  means  now 
in  use,  but  it  would,  in  my  opinion,  be  greatly  intensified  by  throwing  the 
exhaust  steam  from  the  engine  or  boilers  in  intermittent  jets  into  this  flue, 
instead  of  allowing  it,  as  at  present,  to  escape  without  being  utilized. 

PHENOMENA  OF  VENTILATION  UNDER  THE  PROPOSED  SYSTEM. 

The  heated  air  entering  the  hall  through  the  registers  would  rise  at  once  to 
the  ceiling  ;  unable  to  escape,  it  would  accumulate  and  press  downward  the  air 
previously  in  the  apartment,  until  in  seven  minutes  the  whole  of  the  air  would  be 
changed,  the  dense  and  foul  air  being  carried  off  at  the  level  towards  which  it 
naturally  flows,  and  at  which  alone  it  can  be  removed.  The  operation  is  greatlv 
facilitated  by  the  large  exit  ducts  connected  with  the  flues.  It  will  be  perceived 
that,  under  this  system,  the  tendency  of  the  pure  air  is  first  upwards,  in  cur- 
rents, and  then  slowly  downwards.  The  exhaled  gases  sink  at  once  below  the 
level  of  the  mouth,  reach  the  floor,  and  are  carried  off.  From  a  height  of  four 
feet  above  the  floor  they  would  descend  and  be  removed  in  less  than  a  minute, 
and  it  is  probable  that  less  than  one-fourth  of  the  fuel  now  consumed  would  main- 
tain a  proper  temperature,  as  a  much  larger  portion  would  be  utilized. 

The  vitiated  air  from  the  galleries  should  be  drawn  off  by  flues  inside  the 
balustrade,  and  at  the  lowest  level.  No  fears  need  be  entertained  that  any  con- 
siderable portion  of  foul  air  would  be  projected  over  the  balustrade  and  into  the 
body  of  the  hall.  All  that  did  enter  the  hall  in  this  way  would  be  drawn  off 
through  exit  openings  on  a  level  with  the  floor  below  the  galleries,  and  there 
should  also  be  a  very  large  exit  opening  in  the  centre  at  the  lowest  level  of  the 
floor  in  front  of  the  Speaker's  desk.  As  the  gallery  is  supported  by  an  18  inch 
brick  wall,  there  is  no  difficulty  in  making  these  alterations,  and  the  best  man- 
ner of  doing  it  can  be  readily  determined  by  the  intelligent  architect  of  the 
Capitol.  The  committee  have  not  entered  upon  the  details  ;  the  principles 
involved  seemed  to  them  to  be  much  more  worthy  of  their  careful  consideration. 

MOISTURE. 

I  would  suggest  as  the  most  simple  and  practical  mode  of  moistening  the 
air  in  winter,  that  a  jet  of  steam  from  the  exhaust-pipe  of  the  engine  be  thrown 
among  the  heating  coils,  the  amount  of  which  could  be  regulated  at  pleasure, 
and  would  help  to  economize  fuel.  I  also  concur  with  Mr.  Clark,  the  architect 
of  the  Capitol,  in  the  opinion  that,  for  summer  ventilation,  the  air  should  be 
cooled  and  moistened  by  being  drawn  through  the  spray  of  fountains  and  car- 
ried over  the  surface  of  water  basins  at  the  bottom  of  the  inlet  ducts. 

I  also  unite  with  Mr.  Clark  in  recommending,  in  strong  terms,  the  import- 
ance of  having  all  the  arra  ngements  for  heating  and  ventilation  under  the  charge 
of  the  engineer  or  some  other  responsible  and  intelligent  person,  who,  by  means 
of  suitable  thermometers  and  hygrometers,  should  ascertain  the  temperature 
and  the  hygrometric  condition  of  the  air,  and  maintain  both  at  such  uniform 
standard  as  may  be  prescribed. 

EFFECTS  OF  COMBUSTION  OF  OAS. 

It  is  asserted  in  Dr.  Wetherill's  report  that  each  flame  consumes  as  much 
oxygen  and  gives  out  as  much  carbonic  acid  as  five  human  beings.    This  is  an 
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additional  and  strong  argument  in  favor  of  the  proposed  change  in  the  mode  of 
ventilation.  As  the  gas  jets  above  the  ceiling  are  separated  from  the  hall  by 
intervening  glass,  the  carbonic  acid  cau  be  effectually  prevented  from  entering 
the  hall  by  closing  the  openings  at  the  ceiling. 

OBJECTIONS  CONSIDERED. 

It  has  been  asserted  that  downward  ventilation  has  been  tried,  and  has  not 
proved  successful.  No  reliance  can  be  placed  npon  a  statement  of  this  kind 
unless  the  circumstances  and  conditions  under  which  the  trial  was  made  could 
be  ascertained.  Success  or  failure  often  depends  on  the  manner  of  doing  an 
act.  So  far  as  the  report  of  Dr.  Wetherill  gives  facts,  the  evidence  is  in  favor 
of  downward  ventilation.  In  the  observations  of  General  Morin,  page  65,  it 
is  stated  that  a  ventilation  of  14^  cubic  feet  per  man  per  minute,  principally 
downward,  left  no  perceptible  odor  in  a  lecture-room,  while  the  upward  ventila- 
tion of  the  halls  of  Congress,  with  60  cubic  feet  per  minute,  is  notoriously 
defective. 

On  page  69  is  found  a  paragraph  on  "the  direction  the  products  of  respira- 
tion take  after  leaving  the  body,"  in  which  it  is  attempted  to  prove  that  the 
direction  is  upward.  The  evidence  in  support  of  this  position  is  that  when  the 
author  of  the  report  smoked  a  pipe  at  the  Smithsonian  Institute  the  smoke 
ascended.  But  the  objection  to  this  experiment  is  that  tobacco  smoke  is  not 
one  of  the  ordinary  products  of  respiration,  certainly  not  in  the  halls  of  Con- 
gress. The  experiment  does  not  prove  that  the  gray  smoke  which  was  seen  to 
rise  was  carbonic  acid;  the  experimenter  does  not  state  in  what  direction 
were  the  ventilating  currents  in  the  apartment,  or  how  produced;  and  there  was 
nothing  in  the  experiment  to  prove  that,  with  a  gentle  downward  ventilation, 
the  smoke  would  not  have  moved  downwards,  instead  of  upwards.  In  fact,  it 
proved  nothing  at  all  in  reference  to  the  direction  of  the  products  of  respiration. 

In  contradistinction  to  such  crude  experiments  is  the  fact  that  a  system  of 
downward  ventilation  has  quite  recently  been  introduced  into  the  Pennsylvania, 
Hospital,  at  Philadelphia,  with  perfect  success.  It  was  also  very  extensively 
introduced  into  the  government  hospitals  during  our  late  war,  and  proved  highly 
satisfactory.  The  open  fireplace,  too,  is  a  very  familiar  illustration  of  the  value 
and  success  of  lower  ventilation. 

In  conclusion,  I  would  strongly  urge  the  adoption  of  this  system  of  ventila- 
tion, and  recommend  that  the  architect  be  directed  to  prepare  plans  at  once, 
suggesting  the  most  convenient  method  of  executing  the  work,  to  be  submitted 
to  Congress. 

Truly  yours, 

HERMAN  HAUPT. 


To  the  Hon.  John  Covode, 

Chairman  of  Committee  on  Ventilation  of  the  House  of  Representatives  : 

I  have  read  with  care  and  much  interest  the  report  of  General  Herman  Haupt 
on  the  ventilation  of  the  House  of  Representatives. 

I  quite  agree  with  him  in  his  conclusions  both  as  to  theory  and  the  necessity 
for  putting  in  practice  a  system  of  exhaust  for  ventilation  from  the  floor  of  the 
House. 

Very  extensive  practice  and  close  observation  for  many  years  past  have  fully 
convinced  me  that  the  human  breath,  which  is  the  great  source  of  contamination, 
in  an  occupied  room  tends  first  toward  the  floor  in  a  still  room  of  10°,  and  that 
there  is  a  probability  in  a  closely  occupied  room  that  there  will  be  quite  an 
excess  in  the  accumulation  there. 

This  applies  especially  to  rooms  warmed  exclusively  by  hot  air. 
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Tlie  contrary  opinion,  that  is,  the  assumption  that  the  breath  and  impurities 
exhaled  from  the  body  rise  to  the  ceiling  and  accumulate  there,  was  advocated 
strongly  in  the  ventilation  of  the  English  houses  of  Parliament.  And  as  some 
two  or  three  millions  of  dollars  were  spent,  I  believe,  in  endeavoring  to  heat  and 
ventilate  that  building  comfortably,  and  as  the  proceedings  in  regard  thereto 
were  spread  over  the  world  to  an  extent  probably  100  times  greater  than  .any 
previous  publication  or  action  in  regard  to  the  ventilation  of  any  public  build- 
ing, that  theory  of  ventilation  became  strongly  impressed  upon  the  public  mind 
as  being  the  correct  one. 

I  consider  that  idea  erroneous;  hence  all  theories  of  ventilation  based  upon 
it  are  consequently  wrong. 

But  we  must  notice  this  applies  to  rooms  warmed  exclusively  by  heated  air. 
We  must  not  fall  into  the  error  the  little  boy  did  who  receiving  a  good  thick 
overcoat  on  a  right  cold  day  found  it  exceedingly  comfortable,  and,  being  so 
thoroughly  convinced  in  his  own  mind  of  its  great  value,  insisted  on  wearing  it 
warm  days  too. 

In  the  majority  of  our  rooms  the  excess  of  the  air  entering  (which  we  ranst 
of  course  assume  to  be  the  pure  air)  does  not  enter  warmer  than  the  contained 
air  one-half  of  the  time,  and  probably  not  more  than  one-quarter  of  the  time. 

It  ought  never  so  to  enter.  This  whole  theory  of  warming  rooms  exclusively 
by  hot  air  is  entirely  wrong,  and  the  discomfort  experienced  in  the  present  halls 
of  Congress  is  probably  as  much  owing  to  the  want  of  some  direct  radiation  in 
the  rooms  as  to  any  excess  of  carbonic  acid  present. 

I  have  given  much  attention  to  this  subject  within  the  last  year,  and  ray 
observations  fully  confirm  the  opinion  that  no  building  in  which  all  the  air  for 
breathing  is  heated  hotter  than  the  required  temperature  of  the  room  (no  matter 
how  the  air  is  warmed,  whether  by  steam,  hot  water,  or  otherwise)  can  ever  be 
made  entirely  satisfactory. 

When  the  air  breathed  is  nearly  of  the  same  temperature  of  the  body  it  loses 
its  invigorating  influence;  it  produces  languor  and  debility. 

We  all  know  the  exhilarating  effect  of  a  cool  bracing  air  of  a  clear,  bright 
sunshiny  day.  The  direct  radiation  from  the  sun  is  very  powerful.  A  ther- 
mometer protected  from  the  influence  of  the  wind  and  laid  in  the  sun  of  a  clear 
bright  day  in  winter,  with  the  air  below  the  freezing  point,  will  rise  to  near 
200°.  This  is  the  condition  most  favorable  to  active  exercise,  bodily  or  men- 
tally, and  must  be  approached  in  our  artificial  arrangements  before  real  comfort 
can  be  secured. 

Anv  member  can  easily  satisfy  himself  upon  this  point  by  a  few  days'  obser- 
vation of  the  effect  produced  upon  his  own  person  while  in  the  halls  of  Con- 
gress, which  are  warmed  exclusively  by  heated  air;  and  comparing  that  with  the 
l  ifuct  produced  in  a  room  with  an  open  fire  (if  he  should  be  so  unfortunate  as  to 
be  in  a  room  heated  by  hot  air  at  home  as  well  as  at  the  Capitol  I  pity  him),  he 
will  soon  find  that  five  hours'  labor,  especially  mental,  will  be  more  exhausting 
in  the  former  than  seven  hours  in  the  latter  room,  all  other  conditions  being 
equal. 

He  will  also  soon  notice  that  in  the  room  with  the  open  fire  his  head  will  be 
clear  and  his  thoughts  flow  freely,  while  in  the  room  heated  by  hot  air  his  head 
will  be  full  and  oppressed,  his  thoughts  will  become  confused  and  clouded,  and 
to  perform  a  certain  large  amount  of  work  becomes  very  fatiguing  both  to  body 
and  mind. 

I  consider  it  absolutely  essential,  therefore,  that  some  modification  should  be 
made  in  the  manner  of  heating  the  halls  of  Congress. 

Care  should  be  taken,  however,  not  to  rush  to  the  other  extreme  and  get  too 
much  direct  radiation. 

A  room  heated  exclusively  in  that  manner,  with  all  the  fresh  air  entering  of 
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the  temperature  of  the  external  atmosphere,  causes  cold  unpleasant  draughts 
which  can  and  ought  to  be  avoided. 

The  decided  preference  given  of  late  years  to  heating  exclusively  by  direct 
radiation,  over  heating  by  circulating  warmed  air,  shows  that  the  former  with  all 
its  objections  is  preferable  to  the  latter. 

The  combination  of  the  two,  however,  produces  the  most  satisfactory  results. 

The  best  possible  manner  of  applying  these  principles  would  require  consider- 
able thought  and  a  careful  examination  of  the  building. 

The  open  fire  is  one  of  the  best  sources  of  radiant  heat ;  it  more  nearly  imi- 
tates that  from  the  sun  than  any  other  in  common  use. 

Some  persons  might  object  to  having  open  fires  in  the  hall  of  representatives, 
but  I  don't  know  why  it  should  be  so  objectionable.  Direct  radiation  from 
steam  pipes  would  be  much  less  trouble,  and  would  be  preferred  no  doubt  on 
many  accounts  for  producing  the  greater  part  of  the  radiant  heat. 

Another  very  serious  objection  to  heating  exclusively  by  warmed  air  is  that 
precisely  the  same  temperature  is  scarcely  agreeable  to  two  persons  in  a  hun- 
dred, and  even  the  same  person  wants  a  constantly  varying  temperature  accord- 
ing to  the  ever-changing  conditions  of  his  system. 

It  is  of  course  exceedingly  difficult,  and  perhaps  entirely  impossible,  to  fully 
meet  all  these  varying  wants,  but  it  would  not  be  difficult  to  come  much  nearer 
to  it  than  at  present. 

It  might  be  possible  for  steam  pipes  to  be  arranged  under  the  floor  and  covered 
by  soapstone  foot-stools,  so  that  each  member  could  regulate  the  heat  at  his  own 
desk  at  pleasure  ;  but  this  might  not  be  of  sufficient  importance  to  make  it 
advisable  to  have  it  put  in  practice. 

Now  when  the  manner  of  heating  is  changed  it  may  affect  the  arrangements 
for  ventilation.  One  thing,  however,  the  importance  in  regard  to  the  location  of 
the  inlets  and  outlets  of  the  circulating  air  diminishes  as  the  proportion  of  the 
heat  derived  from  direct  radiation  increases. 

I  believe  it  would  be  at  all  times  and  under  all  circumstances  very  desirable 
to  have  a  large  amount  of  the  air  drawn  from  the  floor,  as  nearly  as  possible  from 
under  or  near  each  member's  seat,  and  also  from  under  the  seats  of  all  the  benches 
in  the  galleries.  But  to  know  how  and  when  and  how  much  to  draw  from  the 
ceiling  would  be  a  much  more  difficult  question  to  decide. 

The  openings  at  or  near  the  ceiling  require  to  be  closed  and  opened  according 
to  the  varying  conditions  of  the  room,  and  it  can  only  be  ascertained  how  they 
can  be  best  regulated  by  experience. 

That  there  should  be  such  openings  we  all  know  from  our  every-day  experi- 
ence of  the  necessity  for  opening  doors  or  lowering  external  windows  (where  we 
are  so  favored  as  to  have  that  luxury),  to  relieve  the  upper  part  of  the  room 
when  it  gets  too  warm. 

I  think  the  present  arrangements  for  introducing  the  air  very  objectionable. 
If  there  was  a  considerable  amount  of  heat  furnished  by  direct  radiation,  so  that 
the  inflowing  air  could  be  several  degrees  below  the  required  temperature  of  the 
room,  it  would  have  a  delightful  refreshing  effect  to  have  it  fall  in  gentle  currents 
from  the  ceiling,  and  this  would  cause  the  least  possible  disturbance  of  the 
atmosphere,  which  is  very  essential  in  producing  the  best  acoustic  effect. 

We  all  know  if  our  feet  and  backs  are  kept  perfectly  warm  and  comfortable 
we  are  all  right.  We  can  then  bear  a  large  amount  of  cool  refreshing  air  in  our 
faces  and  on  our  heads. 

To  successfully  heat  and  ventilate  a  large  complicated  building  it  is  of  primary 
importance  that  you  should  have  a  thoroughly  comprehensive  plan  that  shull 
include,  not  only  the  whole  building,  but  all  its  surroundings. 

Heat  applied  within  any  building  causes  movements  of  the  air  with  more  or 
less  force,  according  to  the  difference  of  temperature  of  the  external  and  internal 
atmosphere.  The  external  wind  is  a  source  of  considerable  power.  These  two 
II.  Rep.  Com.  65  2 
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forces,  if  properly  applied,  are  sufficient  to  ventilate  an  ordinary  building  nearly 
every  day  in  the  year;  there  may  be  a  few  days,  however,  when  the  external 
air  is  almost  stagnant,  and  it  is  too  warm  to  have  heat  in  the  house ;  it  then 
becomes  necessary  to  resort  to  some  artificial  power  for  the  movement  of  the  air. 
This  can  be  done  by  the  application  of  mechanical  means,  as  at  the  halls  of  Con- 
gress at  present,  or  by  the  more  simple  and  direct  application  of  heat  to  exhaust 
flues. 

But  the  important  matter  is  in  the  application  of  this  power  to  make  it  con- 
form to  and  co-operate  with  the  natural  forces  and  merely  assist  their  action,  or 
otherwise  make  it  of  sufficient  power  to  entirely  overcome  all  these  natural  forces. 

If  much  care  is  not  exercised  in  the  adjustment  of  the  forces,  one  will  just 
counterbalance  the  other,  and  stagnation  is  the  result.  This,  I  think,  is  fre- 
quently the  case  in  the  Capitol  building. 

I  have  never  made  any  examination  to  ascertain  the  fact,  but  it  seems  to  me 
probable  that  the  air  entering  the  hall  becomes  foul  in  passing  through  it  and 
rises  into  the  space  under  the  roof  and  there  becomes  cool,  and  much  of  it 
becoming  mixed  with  the  air  from  the  burning  gas  tumbles  back  into  the  room 
much  fouler,  if  possible,  than  it  went  out.  This  reminds  one  of  pumping  little 
jets  of  pure  water  in  all  over  the  bottom  of  a  muddy  reservoir,  by  which  the 
whole  mass  is  kept  in  a  constant  roily,  muddy  condition. 

There  seems  to  be  an  entire  unanimity  among  all  parties  as  to  the  necessity 
for  additional  moisture.    This  I  think  of  much  Importance. 

I  however  doubt  the  propriety  of  allowing  the  steam  to  be  discharged  directly 
into  the  fresh  air  channels.  There  is  often  an  unpleasant  smell  from  escaping 
steam,  and  more  frequently  from  the  air  driven  from  the  steam  pipes  as  the  steam 
enters.  This  could  be  tried,  however,  very  easily,  and  it  might  not  be  found 
objectionable. 

Although  not  directly  connected  with  the  subject  of  ventilation,  yet  I  would 
take  the  liberty  of  suggesting  that  I  think  there  is  a  deficiency  of  sunlight  in 
the  hall  of  representatives.  The  sun's  rays  are  the  great  source  of  purifica- 
tion, the  great  natural  disinfectant,  as  well  as  the  great  moving  power  in  the 
growth  and  development  of  all  animal  and  vegetable  life.  We  find  cretinism 
and  imbecility  to  predominate  greatly  on  the  shady  sides  of  mountains.  In  the 
llussian  barracks  it  was  found  that  sickness  and  mortality  were  much  greater  on 
the  shady  side  than  on  the  sunny  side,  even  of  the  same  large  room. 

The  great  value  of  an  abundant  sunlight  was  most  fully  demonstrated  through- 
out our  own  very  extended  system  of  barracks  and  hospitals  occupied  during 
our  late  war. 

I  would  by  no  means  intimate  that  I  believe  the  ingenuity  of  man  can  never 
produce  these  chemical  life-giving  influences  the  same  as  he  has  already  pro- 
duced light  almost  equal,  for  his  own  limited  purposes,  to  the  great  source  itself. 
And  it  was  certainly  very  creditable  in  the  original  projector  of  the  buildings 
to  endeavor  to  be  as  independent  of  all  external  influences  as  possible,  and  to 
rely  as  much  as  he  well  could  on  man's  own  ingenuity  and  resources. 

But  as  the  chemist  or  philosopher  has  not  yet  learned  to  make  so  much  as  a 
clover-leaf  or  a  caterpillar,  would  it  not  be  well  for  the  present  to  go  back  to 
the  old-fashioned  plan  and  use  a  little  more  sunlight  for  the  purification  and 
disinfection  of  the  rooms  under  consideration,  while  the  chemists  and  philoso- 
phers are  perfecting  their  plans,  especially  as  sunlight  can  still  be  procured 
quite  cheap,  and  is  one  of  the  few  comforts  of  life  that  have  not  been  doubled  or 
trebled  in  price  since  the  completion  of  these  rooms.  I  think  if  a  hale 
ingenuity  were  exercised  upon  it,  there  would  be  but  little  alteration  required 
and  not  much  expense  incurred  in  introducing  sufficient  to  produce  a  very 
perceptible  influence. 

As  this  building  is  entirely  different  from  any  other  building  in  the  world,  and 
the  knowledge  in  regard  to  the  subject  of  ventilation  is  still  so  limited,  it  would 
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seem  to  roe  to  be  wise  on  the  part  of  Congress  to  employ  the  best  talent  and 
practical  experience  the  country  affords,  to  make  a  thorough  examination  and 
such  experiments  as  they  might  require  for  the  full  illustration  of  the  subject, 
and  have  them  report  in  full  the  present  condition  of  the  ventilation,  healing 
and  lighting,  aud  such  suggestions  as  they  might  have  to  make  for  the  improve- 
ment thereof. 

I  believe  such  information  could  thus  be  procured  as  would  enable  Congress 
to  act  with  much  more  confidence,  and  would  produce  results  much  more  satis- 
factory than  to  act  upon  any  information  it  now  possesses. 
I  am,  with  much  respect,  thy  friend, 

LEWIS  W.  LEEDS, 
Consulting  Engineer  of  Ventilation  and  Heating 

for  U.  S.  Treasurg  Department,  &c. 

Washington,  1st  mo.  13,  1868. 


Additional  Report. 

To  the  Hon.  John  Covode, 

Chairman  of  Committee  on  Ventilation  of  House  of  Representatives : 

Since  making  the  foregoing  report  I  have  made  a  large  number  of  experiments 
to  determine  the  temperature  and  direction  of  the  currents  in  various  parts  of 
the  building. 

I  commenced  at  half-past  12  on  the  5th  and  tried  63  experiments  in  the  loft 
over  the  House  in  various  parts  to  determine  the  directions  of  the  currents 
there,  a  memorandum  of  which  I  enclose,  marked  1,  2,  and  3. 

I  also  took  the  temperature  in  12  different  places  in  the  loft,  a  memorandum 
of  which  is  also  enclosed,  marked  4. 

On  the  morning  of  the  6th  I  commenced  an  examination  of  the  position  of 
the  registers  on  the  floor  of  the  House  at  ten  minutes  of  10  A.  M.,  and  also  took 
the  direction  of  the  currents  at  top  and  bottom  of  all  the  doors  opening  into 
the  hall ;  also  the  direction  of  the  currents  in  27  other  places  in  various  parts  of 
the  hall;  also  the  temperatures  at  seven  different  points  around  the  side  of  the 
hall.    Memorandums  of  these  experiments  are  also  enclosed,  marked  5,  6. 

On  the  morning  of  the  7th  I  went  to  the  House  at  a  quarter  past  7  A.  M., 
for  the  purpose  of  ascertaining  the  temperatures  in  the  loft  over  the  hall,  but 
as  the  workmen  had  the  keys,  and  did  not  get  them  until  half-past  8,  I  could 
not  test  the  temperatures  until  9,  the  sun  being  then  two  hours  high — clenr 
bright  day.  The  results  are  enclosed,  as  well  as  the  temperatures  in  the 
galleries  and  around  the  sides  of  the  hall,  as  observed  at  the  same  time. 

I  had  no  expectation  of  finding  the  supposed  conditions  noticed  in  the  pre- 
ceding report  (which  were  based  upon  mere  theory)  so  nearly  correct  and 
capable  of  being  so  clearly  and  fully  proven  by  these  experiments. 

It  will  be  noticed  by  the  experiments  on  the  5th  that  the  temperature  in 
the  loft  was  44c  and  48°  at  3  P.  M.,  on  the  7th  at  9  A.  M.  it  was  38°  on  the 
east  end  and  45°  on  the  west  end. 

The  experiments  of  the  5th  show  that  there  was  a  strong  descending  current 
all  around  the  exterior  of  the  hall,  excepting  the  west  end,  from  t  he  loft  into 
the  hall,  and  the  experiments  of  the  6th  show  this  current  carried  over  the 
galleries  and  tumbled  down  on  to  the  floor  of  the  House.  The  other  experi- 
ments show  that  there  is  a  strong  current  rushing  in  from  the  corridors,  through 
ull  the  doors,  without  exception,  both  on  the  floor  and  on  the  galleries. 

Now  when  we  consider  the  corridors  are  the  principal  ventilators  for  the 
engine-room,  restaurant,  water-closets,  &e.  &c,  and  then  add  to  this  most  of 
the  foul  air  from  the  galleries,  it  will  be  seen  that  the  floor  of  the  House  is  the 
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final  receptacle  of  all  the  washing  of  the  building,  and  is  the  foulest  pit  of  the 
whole. 

It  will  also  be  observed  that  the  current  is  from  the  east  side  towards  the 
west  side,  and  there  rises  to  the  attic,  and  much  of  it  from  there  flows  across  to 
the  foul  air  shaft;  consequently  about  the  centre  of  the  west  side  is  the  place 
where  the  air  leaves  the  occupied  portions  of  the  building,  and  probably  that 
is,  therefore,  about  the  foulest  place  in  the  whole  building. 

An  examination  of  the  condition  of  any  of  the  registers  will  convince  any 
member  as  to  how  much  relief  he  can  expect  from  them.  The  accompanying 
diagram,  showing  how  many  of  the  registers  were  open  and  how  many  closed,  is 
merely  an  approximation,  as  so  many  of  them  were  so  choked  up  with  tobacco 
spit,  sweepings  of  the  floor,  and  other  trash,  and  there  was  such  a  foul  smell 
coming  from  them,  that  it  was  difficult  to  determine  whether  to  consider  them 
closed  or  open. 

I  should  think  it  would  be  well  to  try  the  experiment  of  reversing  the  fan 
aud  drawing  the  air  from  the  floor  instead  of  forcing  it  in;  but  with  the  present 
arrangement  for  heating  and  supplying  fresh  (?)  air,  it  would  probably  merely 
aggravate  the  difficulties. 

The  little  positive  knowledge  thus  gained  by  the  few  experiments  already 
tried  more  fully  convinces  me  of  the  necessity  for  and  value  of  a  series  of  experi- 
ments, extending  over  a  month  or  six  weeks,  and  taken  under  all  conditions  of 
wind  and  weather,  and  when  the  house  is  crowded  and  when  but  few  are 
there. 

An  entirely  different  condition  of  things  will  probably  be  found  to  exist  when 
the  whole  lighting  apparatus  is  in  full  blast. 
Very  respectfully, 

LEWIS  W.  LEEDS. 

Washington,  D.  C,  Id  month  8,  1868. 


APPAREILS  DE  CHAUFFAGE  ET  DE  VENTILATION 

a  employer  dans  les  hdpitaux, 

Par  M.  LE  GENERAL  MORIN. 


La  comparaison  de  la  mortalite  dans  les  hdpitaux  de  Paris  et 
ide  Londresayant  donne  lieu,  dans  l'hiver  de  1861 -62/ a  des  dis- 
icussions  fort  animees  dans  le  sein  du  corps  medical  et  a  l'Aca- 
ideraie  de  medecine,  l'Empereur,  toujours  preoccupe  du  sort 
des  classes  pauvres,  a  pense  qu'il  y  avait  lieu  d'ouvrir  une  en- 
qqu6te  a  cet  egard  et  de  la  confier  a  un  comite  superieur,  com- 
ipose  des  representants  dela  science  et  de  l'administration. 

En  consequence,  un  decret  imperial,  a  la  date  du29  aout  1862, 
ji  cree,  sous  la  presidence  du  ministre  de  l'interieur,  un  comite 
:xmsultatif  charge  de  l'examen  de  toutes  les  questions  relatives 
It  l'hygiene  et  au  service  medical  des  hdpitaux. 

Ce  comite  a  ete  compose  de  la  maniere  suivante  : 

President  : 

I  j.  EXC.  M.  LE  MlNlSTRF.  DE  l'InTERIEUR. 

Vice-Fre'sidents  : 

111.  le  Prefet  de  la  Seine. 

II  I.  le  Prefet  de  Police. 

III.  Dumas,  senateur,  membre  de  l'lnstitut. 
[III.  IUyer,  membre  de  l'lnstitut. 

Membres  : 

HM.  Claude  Bernard,  membre  de  l'lnstitut. 

Edmond  Blanc,  cltef  do  division  au  ministere  de  l'interieur. 

Alfred  Blanche,  conseiller  d'Etat. 

Bouchardat,  membre  de  l'Academie  de  medecine. 

Bouillaud,  membre  de  l'Academie  de  medecine. 

Boulu,  m^decin  de  l'Empereur. 
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MM.  Combes,  membre  de  l'lnstitut,  directeur  de  l'Ecole  imperiale  des 
Mines. 

Devergie,  membre  de  l'Academie  de  medecine. 

Gilbert,  architecle,  membre  de  l'lnstitut. 

Husson,  membre  de  l'lnstitut,  directeur  de  l'administration  gene- 
rale  de  l'assistance  publique. 

Jobebt  de  Lamballe,  membre  de  l'lnstitut. 

Laval,  arcbitecte  des  Asiles  imperiaux  de  Vincennes  et  du  Vesinet. 

de  Lurieu,  inspecteur  general  des  etablissements  de  bienfaisance. 

Malgaigne,  membre  de  l'Academie  de  medecine. 

Melier,  inspecteur  general  du  service  sanitaire. 

Michel-Levy,  directeur  de  l'Ecole  imperiale  de  medecine  et  de 
pbarmacie  militaires. 

le  general  Monix,  membre  de  l'lnstitut,  directeur  du  Conservatoire 
imperial  des  Arts  et  metiers. 

Parchappe,  inspecteur  general  des  Asiles  d'alienes. 

Paten,  membre  de  l'lnstitut. 

Regnault,  directeur  de  la  pbarmacie  centrale  des  hopilaux. 

Reynaud,  inspecteur  general  du  service  de  sante  de  la  marine. 

Tardieu,  doyen  de  la  Faculty  de  medecine. 

Trousseau,  membre  de  l'Academie  de  medecine. 

le  baron  de  Watteville,  inspecteur  general  bonoraire  des  etablis- 
sements de  bienfaisance,  directeur  de  restitution  imperiale  des 
Jeunes  Aveugles. 

M.  Antony  Roulliet,  avocata  la  Cour  imperiale,  attache  au  comile. 

Immediatement  apres  son  installation  par  le  ministre  de  l'in- 
terieur,  le  comite  repartitl'etude  des  questions  qu'il  devait  exa- 
miner entre  plusieurs  commissions.  L'une  d'elles,  designee  sous 
le  litre  de  Commission  d'hygiene  des h6pitaux,  fut  composee  de : 

MM. 

Le  general  Morin,  president; 

Bouillaud,  president  de  l'Academie  imperiale  de  medecine; 
Combes,  membre  de  l'lnstitut  et  du  conseil  de  salubrite  de  la 
Seine; 

Devergie,  membre  de  l'Academie  imperiale  de  medecine; 
Gilbert,  architecte,  membre  de  l'lnstitut; 
Husson,  membre  de  l'lnstitut,  directeur  de  l'assistance  pu- 
blique; 
Laval,  arcbitecte; 
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De  Lurieu,  inspecteur  general  des  etablissements  de  bienfai- 
sance; 

Malgaigne,  membre  de  l'Academie  imperiale  de  medecine,  se-. 
cretaire; 

Melier,  inspecteur  general  du  service  sanitaire  de  la  marine; 

Michel  Levy,  membre  de  l'Academie  imperiale  de  medecine, 
directeur  de  l'ecole  de  medecine  du  Val-de-Grace; 

Parchappe,  inspecteur  general  des  asiles  d'alienes; 

Payen,  membre  de  l'lnstitut  et  du  conseil  de  salubrite  de  la 
Seine; 

Tardieu,  membre  de  l'Academie  imperiale  de  medecine; 
Baron  de  Vatteville,  inspecteur  general  des  etablissements  do 
bienfaisance. 

Les  questions  principales  que  cetie  commission  devait  exami- 
ner d'abord  etaient  les  suivantes  : 

Quels  sontles  meilleurs  systemes  de  ventilation,  dechauffage, 
de  latrines,  d'eclairage,  de  bains,  de  buanderie,  de  service  des 
salles,  etc.  ? 

Quel  doit  etre,  dans  un  hdpital  k  construire,  le  maximum  des 
lits?  Quel  doit  etre  le  maximum  des  lits  par  salle? 

Faut-il  ou  non  deshdpitaux  speciaux  par  nature  de  maladies, 
et  quels  sontles  meilleurs  plans  d'etablissements  k  adopter  pour 
des  populations  de30,  100,  300  et  600  raalades? 

La  premiere  de  ces  questions  est  la  seule  dont  on  s'occupcra 
dans  cettenote.  Les  deux  autres  ont  fait  l'objet  de  rapports  par- 
ticuliers  approuves  par  le  coraite,  et  que  Ton  trouvera  dans  le 
Bulletin  ofliciel  du  ministere  de  1'interieur. 

Nous  avons  pensequ'il  pouvaitetre  utile auxingenieurs  et  aux 
architectes  de  connaitre  les  motifs  qui  ont  servia  fixer,  apres  de 
longues  discussions,  les  opinions  du  comite  consultatif  d'hy- 
giene  des  h6pitaux  sur  la  preference  qu'il  convient  d'accordt'i' 
aux  divers  systemes  et  appareils  de  chauffage  et  de  ventilation 
qui  ont  ete  ou  peuvent  &tre  employes  dans  les  h6pitaux.  C'est  ce 
qui  nous  a  engage  a  reproduirc  in  extenso  le  rapport  suivant,  en 
y  joignant,  sous  forme  de  notes,  designees  par  les  lettres  A.  M., 
quelques  explications  et  quelques  developpements. 

General  A.  Morin. 
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RAPPORT 

SUR  LES  APPAREILS  DE  CHAUFFAGE 

A  EMPLOYER  DANS  LES  HOPITAUX 
AU    NOM    DE    LA    COMMISSION  D'HYGIENE 

Par  le  g6iit$ral    MOR1N ,  rapporteur, 
e 


La  salubrite  de  l'air  dans  les  salles  destinees  aux  malades 
etantl'un  des  objets  les  plus  importants  a  obtenir,  et  ce  but  ne 
pouvant  etre  atteint  que  par  une  ventilation  qui  assure  a  la  fois 
la  sortie  de  l'air  vicie  et  son  remplaceinent  par  de  l'air  nouveau, 
la  Commission,  avant  d'examiner  les  avantages  et  les  inconve- 
nients  que  presentent  les  divers  systemes  d'appareils  de  chauf- 
fage  a  employer  dans  les  hdpitaux,  a  cru  devoir  poser  le  prin- 
cipe  suivant :  Tout  chauffage  qui,  par  son  action  directe,  ne  deter- 
mine pas  mm  renouvellement  suffisant  et  regulier  de  l'air,  ou  qui  n'est 
pas  coordonne  avcc  une  ventilation  convenable,  est  insalubrc  et  ne  peut 
convenir  aux  hdpitaux. 

Dans  l'examen  que  Ton  va  faire  des  divers  appareils  de  chaul- 
fage,  Ton  ne  perdra  pas  de  vue  ce  principe,  et  Ton  reconnaitra 
de  suite  que,  sous  ce  rapport,  les  cheminees  ordinaires  sont  l'ap- 
pareil  le  plus  simple  et  le  plus  efficace,  mais  dans  la  saison  du 
chauffage  seulement. 

On  sait,  en  effet1,  qu'une  cheminee  d'appartement  de  dimen- 
sions ordinaires,  au  moyen  d'un  feu  modere,  et  par  des  tempe- 
ratures exterieures  de  12  a  15°,  peut  determiner,  a  elle  seule, 
I'evacuation  de  1,000  a  1,200  metres  cubes  d'air  par  heure.  Si 
cet  appareil,  d'un  usage  agitable,  assurait  aussi  bien  le  chauffage 
avec  economie,  il  laisserait  peu  de  chose  a  desirer  pour  la  saison 
d'hiver. 

Malheureusement,  l'exp^rience  prouve  que  l'air  evacu^  par 
les  cheminees  ordinaires  emporte  et  entraine  dans  l'atmosphere 

1.  ttudes  sur  la  ventilation,  I"  volume,  p.  295  et  suiv. 
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les  5/6  ou  les  6/7  au  moins  de  la  chaleur  totale  developpee  par  le 
combustible,  et  que,  sous  le  rapport  du  chauffage,  elles  nepeu- 
vent  etre  considerees  que  comme  des  appareils  fort  peu  eoono- 
miques,  et  qui,  par  consequent,  ne  pourraient  etre  employes 
dans  les  hopitaux  que  dans  des  cas  particuliers. 

Les  chemiuees  out  en  outre  en  general,  l'hiver,  l'inconvenient 
grave  de  determiner  des  appels  et  des  rentrees  d'air  exterieur 
d'autant  plus  considerables  qu'elles  fonctionnent  avec  plus  d'ac- 
tivite.  Les  appareils  divers  d'introduction  et  de  chauffage  d'une 
certaine  quanlite  d'air  exterieur  qu'on  leur  a  ajoutes  jusqu'a  ce 
jour  consistent  dans  des  systemes  de  tuyaux  plus  ou  moins 
compliques  aboutissant  a  des  bouches  dites  de  chaleur,  et  ne 
remedient  a  cet  inconvenient  que  dans  une  tres-faible  proportion ; 
attendu  qu'en  general  le  volume  d'air  fourni  par  ces  bouches 
n'est  qu'une  trcs-minime  fraction  de  celui  qui  est  evacue  et  ap- 
pele  par  la  cheminee,  et  que  les  plus  efficaces  de  ces  appareils 
fournissent  de  l'air  a  une  temperature  trop  elevee. 

Cependant  Ton  peut  diminuer  et  rendre  a  peu  pres  insensible 
le  desagrement  que  cause  l'arrivee  de  l'air  par  les  portes  des 
pieces  voisines  de  celles  ou  se  trouvela  cheminee,  en  ayant  soin 
de  faire  chauffer,  aumoyen  d'un  calorifere  general,  les  escaliers, 
les  vestibules,  les  corridors  des  batiments,  afin  que  l'air  qu'ils 
fournissent  aux  pieces  d'habitation  y  afflue  toujours  avec  facilite 
et  a  une  temperature  convenable. 

L'on  y  trouve  en  outre  l'avantage  d'obtenir  un  chauffage  plus 
^conomique  que  par  l'emploi  de  la  cheminee  seule,  tout  en  con- 
servant  l'agrement  de  son  usage. 

Mais  il  serait  possible  de  disposer  les  chemine"es  de  facon 
qu'elles  participassent  des  quality  economiques  du  potHe,  tout 
en  laissant  jouir  de  la  vue  du  feu  decouvert.  II  suffirait  d'utiliser 
une  partie  de  la  chaleur  emportee  par  la  fumee,  en  l'obligeanta 
circuler  en  arriere  dans  des  tuyaux  disposes  dans  une  sorte  de 
chambre  a  air  ayant  une  prise  exterieure  et  qui  verserait  vers  le 
plafond  un  certain  volume  d'air  echauffe  a  une  temperature  que 
l'on  mode>erait  en  manoeuvrant  convenablement  des  registres 
disposes  a  cet  effet.  Divers  appareils  de  ce  genre  ont  ete  propo- 
ses et  appliques  avec  des  succes  differents,  selon  qu'ils  ont  ete 
|  plus  ou  moins  bien  disposes  etproportionnes.  Celui  que  la  com- 
mission anglaise  chargee  d'dtudier  la  question  de  l'assainisse- 
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merit  des  casernes  a  fait  adopter1  nous  paralt  realiser  en  grande 
partie  les  a  vantages  que  nous  venons  d'indiquer,  et  il  nous  semble 
pouvoir  fitre  perfectionne  dans  certains  details,  afin  de  le  trans- 
former en  appareil  de  ventilation  pour  la  saison  d'ete. 

Les  bons  effets  de  ce  nouveau  modele  de  cheminee  ont  6te 
constates  par  des  experiences  faites  recemment  au  Conservatoire 
des  arts  et  metiers  et  dont  les  resultats  sont  publies  dans  les 
Annales  de  cet  etablissement2. 

Nous  nous  bornerons,  dans  ce  rapport,  a  faire  connaitre  que 
les  cheminees  de  ce  modele  nouveau,  convenablement  propor- 
tionnees,  jouissent  de  la  propriete  d'introduire  dans  les  pieces 
oil  elles  sont  placees,  a  une  temperature  moderee  de  30  a  35°  et 
pres  du  plafond,  un  volume  d'air  a  peu  pres  egal  a  celui  qu'elles 
evacuent  par  le  tuyau  de  fumee,  et  qu'elles  reduisent  ainsi  a 
presque  rien  le  volume  d'air  froid  appele  par  les  portes  et  par 
les  fenfitres.  La  disposition  du  foyer  etant  d'ailleurs  tres-favo- 
rable  a  remission  de  la  chaleur  par  le  rayonnement,  ces  chemi- 
nees presentent  sur  les  anciennes  des  avantages  qui  nous  parais- 
sent  tres-importants. 

La  premiere  qui  aitete  l'objet  d'experiences  faites  au  Conserva- 
toire evacuait,  avec  un  feu  modere  et  une  consommation  de  1  0  kilo- 
grammes de  houille  au  plus  par  douze  heures,  environ  500  metres 
cubes  d'air,  et  en  introduisait  directement  a  peu  pres  400  metres 
cubes  a  30°.  Elle  aurait  done  assure  la  ventilation  d'une  salle  de 
hu it  lits  k  raison  de  60  metres  cubes  d'air  par  heure  et  par  lit. 

Une  autre  cheminee  d'un  plus  grand  modele,  plus  recemment 
essayee,  evacue  800  metres  cubes  d'air  et  en  fait  rentrer  u  peu 
pres  le  meme  volume  a  30  ou  35°;  ce  qui  a  suffi  pour  chauffer 
une  salle  de  270  metres  cubes  de  capacite,  meme  quand  elle 
n'etait  ni  meublee  ni  habitee. 

Dans  ces  conditions,  les  cheminees  ainsi  perfectionnees  nous 
paraissent  etre  un  moyen  de  chauffage  a  la  fois  salubre  et 
agreable  pour  des  salles  de  malades  contenant  un  nombre  res- 
treint  de  lits. 

L' experience  des  hopitaux  anglais  montre  en  outre  que  Ton 
peut  dans  une  meme  salle  placer  deux  cheminees  de  ce  genre, 

1.  fitudes  sur  la  ventilation,  l6r  volume,  p.  85. 

'2.  Annales  du  Conservatoire  des  arts  et  mitiers,  n°  12,  1804. 
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sans  que  leur  tirage  soit  contrarie ;  ce  qui  d'ailleurs  resulte  de  la 
propriete  qu'elles  ont  de  fournir  elles-m£mes,  par  Taction  de 
l'appel  qu'elles  exercent,  un  volume  d'air  a  peu  pres  egal  a  celui 
qu'elles  evacuent. 

Rien  ne  s'oppose  d'ailleurs  a  ce  qu'a  l'aide  d'orifices  speciaux 
d'admission  de  l'air  nouveau  Ton  puisse  melanger  de  Fair  frais 
a  celui  des  salles  en  telle  proportion  qu'on  voudra,  et  selon  le 
regime  hygienique  qu'il  conviendra  d'adopter  pour  les  malades. 

Mais  nous  rappellerons,  a  l'occasion  de  ces  cheminees,  ce  que 
nous  avons  dit  des  autres,  e'est  qu'il  convient  d'en  modifier  la 
construction  de  facon  que,  pendant  la  saison  oil  le  chaulfage 
devient  inutile,  elles  puissent  cependant  encore  assurer  l'eva- 
cuation  de  l'air  vicie  et  subsidiairement  la  rentree  de  l'air  frais. 

Cela  est  facile  a  obtenir  a  l'aide  de  Fintroduction  d'un  petit 
calorifere  a  coke  dans  Finterieur  de  la  cheminee,  dont  le  foyer 
serait  enleve  et  dont  le  devant  serait  alors  presque  entierement 
ferme  pour  eviter  l'echauffement  des  salles  et  ne  laisser  de  pas- 
sage que  pour  l'evacuation  de  Fair  vicie.  La  prise  d'air  ordinaire 
de  la  cheminee  serait  egalement  fermee,  et  d'autres  ouvertures 
d'une  disposition  semblable  seraient  menagees  en  differents  en- 
droits  de  la  salle  a  distance  de  Forifice  d'appel1. 

1 .  11  convient  cependanl'de  faire  remarquer  que,  la  combustion  dans  ce  petit 
poele  devant  elre  beaucoup  inoins  active  que  celle  de  la  cheminde  it  son  <5lat 
normal  pendant  la  saison  du  chauffage,  le  volume  d'air  (5vacu<S  par  ce  moyen  en 
616  sera  de  beaucoup  inferieur  a  celui  qui  serait  extraiten  hiver,  et  pourrait alors 
Glre  insuflisant. 

Des  experiences  rdcentes  faites  au  Conservatoire  des  arts  et  metiers  ont,  en 
effet,  monlre  qu'un  poele  de  ce  genre,  place"  dans  la  cheminee  qui  delerminait 
en  hiver  une  Evacuation  de  800mc  d'air  environ  par  heure,  ne  produisait,  par  les 
memes  conduits,  que  la  sortie  de  G38mC  par  heure,  avec  une  consomniation  t6- 
dnile,  il  est  vrai,  ;i  3  kil.  dehouille,  cequi  revient  ;\  2201,1C  d'air  evacudpar  kilo- 
gramme de  houille  bridge  dans  des  conditions  deTavorablcs. 

II  faudrait  done  pour  obtenir,  V616,  dans  cette  salle,  l'(5vacualion  de  800lnc 
d'air  vicid,  employer  un  second  appareil  semblable,  qu'il  serait  d'ailleurs  loujours 
facile  d'installer  au  bas  d'un  conduit  special  d'evacualion. 

EnOn,  si  1c  d6monlage  parliel  do  la  cbeminiic,  pour  faciliter  l'introduclion  du 
poele,  prfisenlail  quelque  difllculte,  Ton  pourrait  disposer  les  conduits  de  venti- 
lation d'etG,  ainsi  que  leurs  poCles  on  fourneaux,  soil  ii  droitc  el  a  gauche  do  la 
ohemine'e,  soit  en  d'aulres  endroils  convcnables  de  la  salle. 

Nous  Tcrons  remarquer  que  l'inslallation  de  semblables  poeles  ou  Toyers  au\i- 
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Des  experiences  faites  au  Conservatoire  des  arts  et  metiers 
avec  un  simple  fourneau  fie  laboratoire,  dispose  pour  essai, 
comme  on  vient  de  le  dire,  ont  montre  que,  dans  une  cheminee 
ordinaire,  on  pouvait  faire  evacuer  par  kilogramme  de  houille 
brulee  environ  1,400  metres  cubes  d'air,  alors  que  la  tempera- 
ture exterieure  etait  de  plus  de  18";  ce  qui  prouve  que  ce  raoyen 
simple  de  produire  l'appel  est  a  la  fois  energique  et  economique. 

Mais  quel  que  soit  le  parti  que  ]'on  puisse  tirer  de  cheminees 
ninsi  perfectionnees  pour  le  cbauffage  et  la  ventilation  des  hopi- 
taux  de  petite  et  de  moyenne  grandeur,  les  necessites  adminis- 
tratives  pouvant  conduire  souvent  a  recourir  a  des  appareils 
generaux,  nous  devons  continuer  l'examen  des  autres  modes 
employes. 

df.s  poicr.F.s. 

I.cs  poeles  ordinaires  exigent  peu  d'air  pour  y  assurer  la  com- 
bustion et  donnent  par  leurs  boucbes  de  chaleur,  meme  quand 
elles  ont  des  prises  exterioures,  de  l'air  a  une  temperature  habi- 
tuellement  trop  elevee.  Us  ne  remplissentdonc  pasles  conditions 
d'un  cbauffage  salubre,  puisqu'ils  n'assurent  pas  mfime,  dans 
1'hiver,  l'arrivec  et  1'evacuation  de  volumes  d'air  suflisants1. 

Mais  il  est  possible  de  construire  des  poeles  en  maconnerie, 
disposes  de  maniere  a  determiner,  dans  la  saison  du  chauffage, 
1'introdnction  d'un  volume  d'air  eleve  a  une  temperature  mode- 
rn deboucbant  vers  le  plafond,  et  se  repandant  ensuite  dans  les 
salles  pour  y  gagner  des  orifices  d'appel  pour  1'evacuation  de 
l'air  vicie.  Les  vastes  salles  de  l'bopital  d'accouchement  et  des 


liaires  d'appel  el  de  leurs  condnils  d'evacualinn 'de  l'air  vici^  peut  clrc,  en  temps 
dYpidemie,  pnnr  des  bopilaux  provisoires  on  pour  des  hopilaux  mililaires  en 
rampagne,  un  nioyen  ;>ussi  simple  qu'efficaee  d'assurer,  dans  la  saison  oil  le 
chauffage  n'esl  pas  neeessaire,  une  aliondante  et  regulicre  venlilalion.      A.  M. 

1 .  Si  ^application  du  principe  posd  au  commencement  de  ce  rapport  est  vraie 
pour  lous  les  genres  de  cliaulTage,  en  ne  considerant  la  question  de  salu- 
brile"  qu'au  point  de  vue  du  renouvcllemenl  de  l'air,  elle  parait  Otre  encore  plus 
jiislitiee  lorsqu'on  emploie  des  poeles  on  d'aulrcs  appareils  construits  en  fonte. 
La  permeabilite"  de  cette  maljere  par  les  gaz  de  la  combustion,  lorsqu'elle  est 
fortemenl  ecliauCUe,  serablanl  aujourd'liui  bien  elablie,  1'on  est  conduit  a  ad- 
mettre  que  I'alleralion  si  desagie'able  que  pioduisent  dans  l'air  les  poeles  en 
fonte  en  usage  dans  les  casernes,  dans  les  corps  de  garde,  dans  les  classes  des 
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enfants  trouves,  nomme  Gebar  und  Findelhaus,  a  Vienne,  con- 
tiennent  deux  poeles  de  ce  genre,  et  ont  trois  larges  cheminees 
d'evacuation  de  0m,65  sur  0m,50  environ  de  section. 

Pendant  la  saison  du  chauffage,  qui  se  prolonge  longtemps  a 
Vienne,  la  ventilation  est  evaluee  a  100  metres  cubes  d'air  par 
heure  et  par  lit.  Le  rapporteur  s'est  assure  qu'au  mois  de  mars 
dernier  (1864)  la  temperature  de  Fair  verse  dans  les  salles,  a 
pres  de  4  metres  au-dessus  du  plancher,  ne  depassait  pas  50  a 
60  degres. 

Des  dispositions  analogues  sont  employees  a  l'hdpital  de  Be- 
thania,  a  Berlin,  dont  les  salles  ne  contiennent  que  12  a  14  lits. 
Une  prise  d'air  exterieure  passant  sous  le  plancher  introduit  I'air 
neuf  dans  des  conduits  particuliers  du  poele,  qui  le  versent  pres 
du  plafond.  Un  autre  conduit  menage  dans  le  massif  du  poele, 
et  communiquant  avec  le  tuyau  de  fumee,  sert  a  evacuer  l'air 
vicie. 

Ces  derniers  poeles  sont  places  au  milieu  des  salles,  de  sorte 
que  l'air  vicie  afllue  des  divers  lits  vers  les  malades  qui  s'appro- 
chent  du  foyer  pour  se  chauffer,  ce  qui  presente  un  inconvenient 
grave.  II  faut  d'ailleurs  remarquer  que  cette  ventilation,  deja 
insuffisante  l'hiver  et  surtout  au  printemps  et  a  l'automne,  serait 
nulle]  l'ete.  Cependant  il  y  aurait  moyen  d'am&iorer  un  sem- 
blable  dispositif  et  d'en  utiliser  le  principe. 

En  resume,  ce  n'est  qu'en  transformantles  poeles  en  veritables 
caloriferes  a  air  chaud  qu'on  peut  les  employer  avec  quelque 
succes  pour  obtenir  simultanement  le  chauffage  et  la  ventilation 
pendant  la  saison  d'hiver.  Quant  a  celle  du  printemps,  d'ete  et 

colleges  et  partout  oil  on  les  chauffe  a  la  houille,  peut  6lre  attribute  au  passage 
(Tune  partie  des  gaz  de  la  combustion  a  travers  leurs  parois.  Ces  gaz  mfiles  a  l'air 
non  renouvele"  des  locaux  dchauffAs  y  produisent  une  alteration  qui  peut  parfois 
devenir  funeste  a  la  santo".  Des  communications  r^centcs  faites  a  l'Acadfimie  des 
sciences  sur  la  difference  tres-nolable  de  salubrity  observ^e  au  Lyci!e  de  Cham- 
bcry  entre  les  salles  chauffe'es  avec  des  poeles  eh  faience  et  celles  qui  le  sont  avec 
des  pofiles  de  fonte,  ont  appele"  l'atlcnlion  sur  ce  point.  11  n'a  pas  encore  6te" 
fait  des  experiences  ni  des  observations  d<Scisives  i\  ce  sujet,  mais  Ton  peut  ce- 
pendant regarder  les  poeles  en  fonte  comme  les  appareils  de  chauffage  les  plus 
insalubres  et  d^sirer  qu'ils  soient  bannis  de  tons  les  hopitaux  et  en  general  de 
tous  les  lieux  oil  un  s^jour  prolonge  des  individus  les  rondrait  dangereux  pour 
la  sante.  A.M. 
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d'automne,  il  faut  joindre  k  ces  appareils  des  dispositions  spe- 
ciales  pour  l'assurer. 

Ajoutons  enfin  qu'a  l'exception  dcs  petits  li&pitaux,  n'ayant 
que  peu  de  salles,  le  service  des  po&les  ne  presenterait  aucune 
economie  sur  des  appareils  generaux  d'un  effet  plus  sur,  plus 
regulier  et  d'une  conduite  plus  facile,  et  qu'au  point  de  vue  de 
la  salubriteils  sont  toujours  inferieurs  aux  autres  appareils. 

CALORU'EUES  A  AIH  CHAUD. 

Ces  caiorifferes,  tels  qu'ils  sont  ordinairement  etablis  paries 
constructeurs,  out  l'inconvenient  grave  de  donner  lieu  a  de  tres- 
grandes  inegalites  dans  le  cbauffage.  Tantdt,  quand  le  feu  est 
actif,  l'air  qu'ils  fournissent  alors  en  grande  quantite  en  sort  a 
des  temperatures  de  80  a  100  degres,  et  fatigue  les  organes  de  la 
respiration;  tantot,  au  contraire,  lorsque  l'aliraentation  du  feu 
a  ol(3  negligee,  le  volume  d'air  fourni  diminue  dans  une  grande 
proportion,  en  meme  temps  que  sa  temperature  s'abaisse. 

L'on  reprochc  en  general  a  ces  caloriferes  d'occasionner  dans 
l'air  qu'ils  traversent  une  alteration  peu  defmie  et  de  permettre 
par  les  joints  de  leurs  tuyaux  ou  par  les  fissures  qui  s'y  forment 
le  passage  de  certains  produits  gazeux  de  la  combustion,  tels 
que  de  l'oxydc  de  carbone,  etc. 

Ce  qui  est  bien  reconnu,  c'est  que  le  sejour  dans  des  locaux 
cbauffes  directement  par  des  appareils  de  ce  genre,  tels  qu'ils 
sont  disposes' le  plus  souvent,  est  penible  pour  beaucoup  de 
personnes. 

Mais  l'on  peut  remedier  ;i  une  partie  de  ces  inconvenients  en 
faisant  au  prealable  arriver  l'air  cbaud  fourni  par  l'appareil  dans 
une  capacite  ou  chambre  de  melange,  dans  laquelle  on  se  re- 
serve la  facilite  de  faire  affluer  a  volonte  de  l'air  exterieur  frais 
en  proportion  suffisante  pour  que  le  melange  d'air,  ainsi  forme, 
ait  une  temperature  convenable  quand  il  est  introduit  dans  les 
locaux  a  ventiler.  L'cxperience  a  d'ailleurs  demontre  que  cette 
temperature  doit  toujours  etre  tres-peu  superieure  a  celle  que 
l'on  veut  maintenir  dans  ces  locaux,  et,  par  consequent,  tres- 
modn'ee  une  fois  qu'ils  ont  ete  ecbauffes. 

L' usage  de  semblables  chambres  de  melange,  employees  avec 
succes  au  Theatrc-Lyrique,  k  celui  de  la  Gaitc  et  pour  les  am- 
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phitheatres  du  Conservatoire  imperial  des  arts  et  metiers,  assure 
a  l'air  introduit  une  temperature  convenable;  mais  il  ne  saurait 
suffire  a  l'assainissement  des  lieux,  et  il  est  indispensable  d'y 
ajouter  des  dispositions  qui  determinent  l'evacuation  de  l'air 
vicie  pendant  la  saison  du  chauffage. 

Quant  a  celle  d'ete,  pendant  laquelle  le  chauffage  est  nul,  il 
ne  convient  dans  aucun  cas  de  faire  passer  l'air  nouveau  par 
l'interieur  du  calorifere,  et  l'on  ne  doit  compter  pour  son  intro- 
duction que  sur  les  orifices  d'acces  de  la  chambre  de  melange 
et  sur  les  orifices  auxiliaires  que  Ton  peut  ouvrir. 

Cette  chambre  qui,  clans  la  saison  du  chauffage,  peut  etre 
placee  dans  les  combles,  sera  en  general  plus  convenablement 
etablie,  soit  dans  les  caves,  soit  dans  l'interieur  des  batiments, 
parce  que  l'ete  les  greniers,  quel  que  soit  le  mode  de  couverture 
employe,  sont  generalement  beaucoup  trop  chauds1.  Mais  lors- 
que  la  chambre  sera  placee  dans  les  caves,  il  conviendra  qu'elle 
soit  completement  isolee  des  parties  frequentees,  et  qu'elle  soit 
muniede  doubles portes  fermantaussi  hermetiquement  que  pos- 
sible, afin  d'eviter  l'introduction  de  l'air  venant  de  l'interieur. 
La  prise  d'air  sera  d'ailleurs  disposed  conformement  aux  prin- 
cipes  poses  dans  le  rapport  sur  les  appareils  de  ventilation. 

Nous  pouvons,  des  a  present,  faire  remarquer  que  ce  que  Ton 
vient  de  dire  des  caloriferes  a  air  chaud  s'applique  en  grande 
partie  a  ceux  ou  l'air  est  echauffe  par  son  contact  avec  des  ca- 
pacites  remplies  d'eau  pour  moderer  la  temperature  qu'il  peut 
acquerir.  A  l'aide  des  caloriferes  de  ce  genre,  la  temperature  de 
l'air  introduit  dans  les  salles  peut  etre  limitee  a  35  ou  40  degres. 
Mais  cette  temperature  est  encore  trop  elevee  le  plus  souvent 

1.  Des  experiences  rficentes,  dont  nous  ferons  connaitre  les  requitals  dans  un 
des  prochains  nume'ros,  nous  ontmontre"  que,  Unites  les  fois  que  l'on  pourra  dis- 
[  poser  d'une  prise  d'eau  ou  d'uu  moteur  susceptible  d'en  Clever,  il  sera  facile  do 
ts'opposer  a  l'eM6valion  de  la  temperature  inldiicure  des  greniers,  d'une  part  en 
v  ni£nageant  de  larges  ouvertures  qui  perniettent  a  l'air  d'y  circuler  jour  et. 
nuit,  et  de  l'autre  en  arrosant  pendant  les  heures  oil  le  soleil  donne  sur  la  cou- 
>  verlure  toule  la  surface  du  toil  avec  un  filet  d'eau  de  maniere  a  la  tenir  con- 
stamment  mouille"e.  11  sullit  pour  cela  d'y  verser  environ  13  litres  par  lieure  el 
par  metre  quarr£  de  surface  du  loit,  ce  qui  pour  de  grands  edilices,  et  eu  dgard 
au  petit  nombre  de  jours  de  grandes  chalcurg,  nc  conduit  qti  a  une  d^pense 
insigniflante.  A.  M. 
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pour  les  locaux  habites,  et  il  iraporte  aussi  de  se  menager  des 
moyens  de  meler  cet  air  avec  de  l'air  plus  frais,  surtout  au  prin- 
teraps  et  a  l'automne,  ou  le  chauffage  doit  etre  modere,  mais 
sans  qu'il  en  resulte  cependant  de  diminution  dans  le  volume 
d'air  fourni,  ainsi  qu'on  le  reproche  avec  raison  a  quelques  dis- 
positifs  particuliers. 

II  est  bon  d'ajouter  que  Ton  peut  eviter  en  partie  l'inconve- 
nient  du  contact  de  Fair  avec  des  surfaces  metalliques  fortement 
chauffees  en  surmontant  la  grille  du  foyer  par  une  cloche  a 
doubles  parois,  toujours  remplie  d'eau  et  sur  laquelle  s'exerce 
d'abord  la  plusgrande  energie  du  feu,  ainsi  que  le,  font  quelques 
constructeurs. 

L'emploi  de  semblables  cloches  k  eau  permet  de  plus  d'etablir 
dans  les  conduits  inferieurs  d'air  chaud  une  circulation  d'eau  a 
l'aide  de  laquelle  on  peut  etendre  a  une  distance  plus  conside- 
rable Taction  des  caloriferes  a  air  chaud,  qui,  dans  les  disposi- 
tions ordinaires,  est  limitee  a  lii  ou  20  metres  dans  le  sens  ho- 
rizontal. 

Ce  systeme  mixte  a  ete  employe  avec  succes  dans  certains  cas 
et  en  parliculier,  il  y  a  quelques  annees,  au  Conservatoire  des 
arts  et  metiers,  par  M.  Leon  Duvoir1. 

En  resume,  les  caloriferes  a  air  chaud  ou  les  caloriferes  a  eau 
chaude  et  a  circulation  d'air  peuvent  etre  employes  pour  le 
chauffage  des  h&pitaux,  pourvu  qu'il  y  soit  ajoute  une  chambre 
ou  l'air  qu'ils  fournissent  soit  a  volonte  mele,  dans  une  propor- 
tion convenable,  a  de  l'air  frais  pris  a  l'extericur ;  mais  ils  n'as- 
surent  par  eux-memes  que  le  chauffage,  et  doivent  toujours  etre 
accompagnes  de  dispositions  et  d'appareils  d'appel  propres  a 

1.  M.  Peclet  a  beaucoup  eri(iqvi<5  l'emploi  des  appareils  de  chauffage  par  cir- 
culftliQii  d'eau  chaude  pour  des  locaux  qui,  tels  que  les  amphitheatres  du  Conser- 
vatoire, ne  doivent  etre  chauffes  que  pendant  quelques  heures.  Cetle  critique  a 
616  reproduite  par  les  injrenieurs  qui  ont  revu  et  publid  la  3e  Edition  de  son 
Traiti  de  la  chalcur.  Mais  s'ils  avaient  mieux  connu  les  localites  ils  auraient  vu 
que  cette  combinaison  du  chauffage  a  l'air  chaud  et  ilu  chauffage  a  l'eau  clu-uule 
6tait  parfaitement  justilide  par  la  ndcessitd  de  chauffer,  jusi]u'a  une  distance  de 
plus  de  15  i  20  metres,  la  bibliolheque  du  Conservatoire  pendant  loule  la  journee 
et  le  petit  amphitheatre  le  soir.  Des  dispositions  analogues  motivaient  aussi  ccltc 
combinaison  pour  le  grand  amphilheatre  lorsqu'elle  a  (He  adopted.  Ellepeut  done 
dans  beaucoup  de  cas  etre  tres-utilement  employee.  A.  M. 
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determiner  en  tous  temps  une  evacuation  stable  et  energique  de 
fair  vicie,  en  m§me  temps  qu'une  introduction  suffisante  d'air 
nouveau. 

Lorsque  l'appel  de  l'air  vicie'  se  fera  par  en  bas,  il  sera  gene- 
ralement  facile  de  profiter  de  la  chaleur  abandonnee  par  les 
tuyaux  de  fumee  de  ces  caloriferes  pour  activer  cet  appel,  et  de 
disposer  dans  le  voisinage  un  petit  foyer  special  pour  produire 
la  ventilation  d'ete.  Aussi  serait-ce  la  disposition  generale  que 
nous  indiquerions  pour  le  chauffage  et  la  ventilation  des  grands 
hopitaux,  oil  il  n'y  aurait  de  malades  qu'au  rez-de-chaussee  et 
au  premier  etage,  toutes  les  fois  que  les  conditions  administra- 
tivesne  permettraient  pas  l'usage  des  cheminees. 

La  construction  des  caloriferes  a  air  chaud  exige  plus  de  soin 
qu'on  n'y  en  apporte  ordinairement.  Les  tuyaux  de  circulation 
de  la  fumee,  en  t61e,  doivent  etre  bannis,  parce  qu'ils  se  degra- 
dent  trop  vite,  et  au  moins  autant  l'ete  que  I'hiver  quand  l'air  y 
circule,  et  qu'ils  exposent,  par  consequent,  a  des  dangers  d'Jn- 
cendic  dont  on  n'a  que  trop  d'exemples.  II  est  necessaire  d'exiger 
que  tous  ces  tuyaux  soient  en  fonte,  ils  peuvent  alors  durer  15  a 
20  ans1. 

II  faut  signaler  ici  un  danger  que  presentent  ces  caloriferes  u 
air  chaud  dans  leurs  dispositions  ordinaires  et  qui  se  raanifeste 
souvent  quand  toutes  les  bouches  de  chaleur,  a  l'exception  d'une 

■  ou  deux,  sont  fermees.  Alors  la  temperature  de  l'air  fourni  par 
les  bouches  restees  ouvertes  s'eleve  a  300°  et  plus,  il  en  resulte 

I  frequemment  des  incendies;  mais  l'usage  des  chambres  a  air  fait 
a  peu  pres  disparaitre  cet  inconvenient. 

I .  Les  caloriferes  a  air  chaud  peuvent  etre  construits  enticrcmcnl  en  briques , 
ainsi  qu'on  le  fait  en  Russie,  surtout  quand  its  doivent  ulrc  chaufles  au  bois.  lis 
deviennenl  alors  de  ve>itables  reservoirs  de  chaleur  et  sont  d'un  service  plus  r<5- 
.Riilicr  et  moins  assujcttissant,  par  consequent,  que  les  caloriferes  en  fonte,  don,t 
iils  n'ont  pas  les  autres  inconvenient*.  En  employapt  des  Iiriqucs  rtSfractaires  pour 
'leur  construction,  on  peut  aussi  les  chauffer  a  la  houille. 

Des  experiences,  dont  nous  ferons  connailre  les  rdsulials  dans  l'un  des  pro- 
chains  num^'ros,  monlrent  qu'a  l'aide  dc  caloriferes  a  tuyaux  en  fonte  bien  pro- 
portionne.s,  dans  lesquels  la  surface  totale  de  ehauffe  des  tuyaux  est  d'environ 
70  fois  la  surface  de  la  grille  du  foyer,  la  quantitd  dc  chaleur  emporl<5e  par  l'air 
:haud  qu'ils  fournissent,  a  unc  temperature  moyenne  dc  9!)  .i  100",  est.  environ 
"es  O.GO  a  0.05  dc  la  chaleur  deVeloppde  par  le  combustible  br(il6.       A.  M. 
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L' experience  des  constructeurs  les  plusprudents  les  a  conduits 
a'  employer  dans  ces  caloriferes  8  a  10  metres  de  surface  de 
ehauffeen  tuyaux  pour  \, 000  metres  cubes  de  capacite  des  locaux 
a  chauffer  dans  les  conditions  ordinaires  de  la  construction;  mais 
dans  des  locaux  largement  ventiles,  la  proportion  devrait  etre 
au  moins  doublee  pour  eviter  la  necessite  d'introduire  del'air 
trop  chaud1. 

CHAUFFAGE  A  LA  VAPEUU. 

La  rapidite  de  la  circulation  de  la  vapeur  sous  l'action  de 
pressions  motrices  assez  faibles,  la  grande  quantity  de  chaleur 
qu'elle  abandonne  en  se  condensant  sont  les  avantages  princi- 
paux  de  ce  mode  de  chauffage,  qui  n'exige  pour  le  passage  de 
la  vapeur  que  des  tuyaux  de  faibles  dimensions.  Mais  il  a  aussi, 
dans  les  dispositions  le  plus  habituellement  employees,  des  in- 
convenients  assez  graves. 

Les  inegalites  dans  la  conduite  du  feu  en  introduisent  promp- 
tement  de  tres-sensibles  dans  la  circulation  de  la  vapeur;  des 
negligences,  trop  frequentes  pendant  la  nuit,  occasionnent  des 
condensations.  Lorsque  le  feu  reprend  de  l'activite,  la  vapeur, 
qui  afflue  alors  rapidement  dans  des  conduits  ou  un  vide  partiel 
s'est  forme,  rencontrant  des  masses  d'eau  liquide,  les  chasse 
violemment,  et  ces  chocs  produisent  parfois  des  explosions, 
souvent  des  ruptures  et  des  fuites,  et  tres-frequemment  un  bruit 
incommode  et  inquietant. 

Ces  inconvenients  graves  ont  generalement  fait  renoncer  au 
chauffage  direct  par  la  circulation  de  la  vapeur,  excepte  dans 
les  usines  ou  Ton  emploie  celle  qui  s'echappe  des  machines 
motrices,  apres  y  avoir  agi.  Dans  ce  cas,  elle  circule  habituelle- 
ment a  travers  de  larges  tuyaux  apparents,  ayant  une  pente 
suffisante  pour  que  l'eau  de  condensation  ne  s'y  accumule  pas, 

I.  Le  grand  amphitheatre  rlu  Conservatoire,  donl  la  capacity  y  compris  toulcs 
fC8  dependanees,  est  de  2,819  metres  cubes  et  oil  la  ventilation  renouvelle  Pair 
moyennement  liuit  fois  par  heure,  est  tres-facilement  chaufft:  par  deux  calorirfercs 
qui  ont  ensemble  64m(l,S0  de  surface  de  tuyaux,  ce  qui  revicnl  h  22mi,50  par 
1,000  metres  cubes  de  capacite"  chaulTde.  Mais  Pun  des  calori Teres  elant  moins 
liicn  proportionne"  que  Pautre,  je  pense  qu'en  pareil  cas  20  metres  quarres 
de  surface  de  chauffc  pour  1,000  metres  de  capacite  serait  une  proportion  sufli- 
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et  laissant  a  l'extremite  du  circuit  par  la  sortie  de  la  vapeur 
non  condensee  un  orifice  qui  permet  aussi  la  rentree  de l'air,  dans 
le  cas  oil  la  cessation  du  feu  amenerait  un  vide  partiel.  Mais 
lorsqu'il  s'agit  de  chauffer  des  lieux  habites,  de  conduire  la 
vapeur  a  travers  des  planchers  de  peu  d'epaisseur,  les  difficul- 
tes  augmentent  et  tous  les  inconvenients  apparaissent. 

M.  Grouvelle,  habile  ingenieur  civil,  a  propose  et  execute 
pour  plusieurs  hdpitaux  un  dispositif  dans  lequel  la  vapeur,  au 
lieu  d'echauffer  directement  les  poeles  places  dans  les  salles, 
transmet,  a  travers  les  parois  des  tuyaux  dans  lesquels  elle  cir- 
cule,  une  partie  de  sa  chaleur  a  de  l'eau  contenue  dans  ces 
poeles.  Ce  systeme,  par  suite  de  la  grande  densite  de  l'eau  et  de 
son  peu  de  conductibilite  de  la  chaleur.  evite  l'inconvenient  du 
refroidissement  trop  rapide  des  poeles,  quand  la  circulation  de 
vapeur  se  ralentit  ou  cesse. 

Les  poeles  ont,  vers  leur  sommet,  une  petite  ouverture  qui 
empeche  la  temperature  de  l'eau  de  depasser  100  degres,  et  les 
tuyaux  qui  les  traversent  pour  fournir  un  passage  a  Fair  affluant 
de  l'exterieur  ne  permettent  pas  k  la  temperature  de  cet  air 
d'exceder  40  a  45°. 

Des  dispositions  particulieres  donnent  d'ailleurs  la  facilile  de 
faire  passer  la  vapeur  par  les  poeTes  ou  par  des  conduits  exte- 
rieurs,  de  maniere  a  moderer  la  temperature  des  salles,  en  ne 
chauffant  qu'une  partie  de  leurs  poeles. 

Mais,  si  Ton  obtient  par  ce  dispositif  plus  de  regularite  dans 
lechauffage,  Ton  n'evitepas  les  defauls  des  condensations  dans 
les  conduits  qui  traversent  les  planchers,  ni  les  fuites  toujours 
difticiles  a  trouver  et  a  prevoir. 

Quelques  accidents  survenus  al'h6pital  Lariboisiere  ontmeme 
montre  que  ce  systeme  n'etait  pas  tout  a  fait  a  1'abri  des  rup- 
tures brusques. 

Nous  croyons  qu'on  pourrait  conserver  les  avantages  du  chauf- 
fage  ii  la  vapeur  et  en  eviter  les  principaux  inconvenients,  en 
disposant  les  tuyaux  de  circulation  de  la  vapeur  verticalement 
dans  des  gaines  menagees  dans  l'epaisseur  des  murs,  ou  cons- 
truites  expres,  comme  on  l'a  pratique  en  quelques  endroits  du 
pavilion  de  l'h6pital  de  Vincennes,  ou  comme  l'a  fait  M.  d'Hame- 
lincourt  pour  la  circulation  de  l'eau  au  bailment  d'administra- 
tion  du  chemin  de  fer  du  Nord. 
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On  peut  m<mie  disposer  quelques-uns  de  ces  tuyaux  en  forme 
de  colonnes  apparentes  servant  de  poeles  pour  se  chauffer  les 
mains  et  les  pieds,  ainsi  que  cela  se  pratique  dans  plusieurs 
etablissements  publics  d'Alleto&gne  et  de  Suisse. 

Ces  dispositions,  qui  s'accorderaient  tres-bien  avec  la  condi- 
tion de  f'aire  arriver  l'air  nouveau  vers  le  plafond1,  assureraient 
le  retour  immediat  de  l'eau  de  condensation  dans  la  chaudiere, 
et  attenueraient  beaucoup  les  consequences  dcs  fuites,  auxquelles 
il  serait  plus  facile  de  remedier  que  dans  cede  qui  a  ete  genera- 
lement  adoptee  jusqu'ici. 

Rien  ne  s'opposerait  toutefois  a  ce  que  Ton  etablit  dans  cbaque 
salle  un  poele  a  eau  chauife  a  la  vapeur,  d'apres  le  systerae  de 
M.  Grouvelle,  pour  l'agrement  des  malades. 

11  convient  d'ajouter  que,  dans  les  h6pitaux  qui  doivent  etre 
ventiles,  avec  une  surface  de  chauli'e  des  poedes  et  des  conduits 
de  vapeur  de  20  a  24  metres  carres  pour  1,000  metres  cubes  de 
capacite  des  salles,  on  peut  assurer  le  service  du  chauffage  des 
salles  a  16  ou  18°  pendant  les  temps  les  plus  froids.  A  l'hdpital 
Lariboisiere,  la  proportion  est  de  26  metres  carres,  et  elle  est 
notablement  plus  grande  qu'il  ne  serait  necessaire. 

Mais  il  restera  toujours  a  faireau  chauffage  a  la  vapeur,  m£me 
ainsi  inodilie,  le  reproche  d'etre  trop  sensible  aux  inegalites  du 
feu,  et  surtout  aux  negligences  des  chauffeurs,  parfois  prolougees 
pendant  la  nuit. 


CHAUl'l'AGE  l'AU  C1HCULATION  d'eaU  CHAUDE. 


Ce  systeme  de  chauffage,  qui  est  connu  et  applique  depuis 
longtemps  avec  des  dispositions  diverses,  est  beaucoup  moins 
sujet  a  permettre  des  variations  rapides  de  temperature  que  le 
precedent,  attendu  qu'a  capacite  egale  les  recipients  et  les  con- 
duits de  circulation  de  l'eau  chaude  contiennent  toujours  un 

1.  Ccl  air  chaud  pourrait  au  besoin  Sire  imm^dialement  uwU  avec  de  l'air 
froid  aniuanl  au-dessns.  M.  d  llaniclinoourl,  dans  le  projet  qui  est  demt  daus 
ce  num(5ro  des  Anualca,  prtSscnte  une  a]ipIication  heureuse  qu'il  a  lailc  de  cellc 
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nombre  beaucoup  plus  considerable  d'unites  de  cbaleur  que 
s'ils  etaient  remplis  avec  de  la  vapeur1. 

La  grande  densite  de  l'eau,  et  la  permanence  de  sa  circula- 
tion a  travers  les  parties  echaulfees  des  appareils,  loiigtemp's 
apres  que  le  feu  a  perdu  de  son  actMte,  entrelieunent  une  assez 
grande  regularity  dans  le  chauffage,  malgre  des  negligences  ac- 
i  cidentelles. 

La  temperature  de  l'air  echauffe  par  ces  appareils  est  toujours 
tres-moderee;  il  est  meme  difficile  de  l'elever  au  dela  de  40  a 
45°  avec  des  surfaces  de  chauffe  considerables.  Sous  ce  rapport, 
ce  genre  de  chauffage  est  tres-salubre,  pourvu  qu'il  soit  accorn- 
ipagne  d'une  ventilation  abondante. 

II  n'est  pas  indispensable  d'etablir,  comme  le  faisait  M.  L. 
Duvoir,  dans  les  parties  superieures  des  edifices,  des  recipients 
.-regulateurs  vers  lesquels  l'eau  chaude  s'eleve,  et  qui,  par  la  dif- 
ference de  densite  de  hautes  colonnes  d'ascension  et  de  retour, 
aassurent  a  la  circulation  la  rapidite  convenable. 

Les  exemples  des  appareils  employes  a  Fli6pital  de  Guy  a 
ILondres,  au  palais  de  Sydenham2  et  de  tous  les  appareils  'de 
(chauffage  des  serres,  prouvent  qu'il  suffit  d'une  faible  distance 
iverticale  entre  les  tuyaux  d'ascension  et  de  retour  pour  que  la 
unoindre  difference  de  temperature  determine  la  circulation,  si 
Ues  tuyaux  ont  des  sections  convenables. 

On  en  a  un  autre  exemple  tres-concluant  dans  les  appareils 
He  chauffage  de  certaines  baignoires. 

Ton  peut  disposer  les  tuyaux  de  circulation  de  l'eau  destinee 
li  echauffer  l'air,  soit  dans  les  parties  inferieures  des  edifices 
iOit  verticalement  dans  des  galnes  menagees  dans  les  murs  ou' 

1 .  Un  metre  cube  d'cau  a  100"  contient  100  cal.  X  1 ,000  kil.  =  100,000  calo- 
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Un  melre  cube  de  Vapeur  a  100°  ne  P6se  que  0  kil.,  59  et  ne  conlienl  que 
,i,59 X  050  cal.  =  383-,5  calories. 

On  con?oit  done  que  l'approvisionnetnenl  de  chaleur  existanl  a  un  instant 
buelconque  dans  un  ensemble  de  conduits  et  de  pofiles  est,  a  volume  egal  beau 
.oup  plus  grand  dans  les  chauffages  a  l'eau  chaude  que  dans  les  chauiiaKes  a 

'Tn  A.  M. 

2.  11  existe  dans  ce  palais,  sous  les  planners,  un  d6veloppement  de  tuyaux  de 
.rculalion  d'eau  chaude  d'enviror,  84  kilometres,  alimenles  par  vingt-cinq  calo- 
'iferes  eeulement.  . 

A.  M. 
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en  saillie  a  l'interieur  et  par  lesquelles  afllue  l'air  nouveau  qui 
s'echauffe  au  contact  des  tuyaux. 

La  premiere  disposition,  dans  laquelle  les  conduits  sont  ou 
peuvent  etre  apparents  sur  toute  leur  etendue  et  sont  disposes 
dans  des  locaux  faciles  a  visiter,  rend  les  fuites  a  peu  pres  sans 
importance,  permet  de  les  reconnaitre  et  de  les  i'aire  cesser. 

La  seconde,  qui  est  pratiquee  par  M.  D'Hamelincourt,  et  dans 
laquelle  on  dispose  ordinairement  des  regards  a  hauteur  de 
chaque  joint,  laisse  a  peu  pres  la  meme  facilile  et  permet  de  re- 
jeter  au  dehors  les  eaux  des  fuites. 

Toutes  deux  sont  d'une  installation  plus  economique  que  celle 
qui  a  ete  adoptee  par  M.  L.  Duvoir-Lehlanc,  qui  faisait  circuler 
l'eau  dans  l'epaisseur  des  planchers,  et  elles  sont  a  l'abri  des 
reproches,  un  peu  exageres  du  reste,  qui  ont  ete  adresses  aux 
travaux  de  ce  constructeur. 

Dans  ces  dispositifs,  les  poSIes  a  eau  peuvent  etre  supprimes 
totalement  ou  reduits  a  un  ou  deux  par  salle,  sous  forme  de  co- 
lonnes  verticales  pour  la  commodite  des  malades. 

Les  appareils  de  chauffage  par  circulation  d'eau  chaude  ne 
donnentpas,  a  surface  egale,  autant  de  chaleur  que  ceux  a  va- 
peur.  L'observation  des  resultats  obtenus  a  l'h6pital  Lariboi- 
siere  montre  qu'une  surface  de  chauffe  de  27  m.  q.  par  i  ,000 
m.  cb.  de  capacite  des  salles  est  a  peine  suffisante  par  les  grands 
froids,  etnous  pensons  qu'il  conviendrait  d'allouer  au  moins  30 
a  32  m.  q.  de  surface  totale  de  chauffe  pour  cette  capacite  de 
1,000  m.  cb.  dans  des  locaux  analogues  aux  h&pitaux. 

11  convient  d'ajouter  que  les  appareils  de  chauffage,  a  la 
vapeur  ou  a  l'eau  chaude,  se  present  egalement  aux  disposi- 
tions a  prendre  pour  assurer  ii  l'evacuation  de  l'air  vicie  l'acti- 
vite  necessaire. 

Mais  la  regularite,  la  stabilite  des  temperatures  etant  beau- 
coup  mieux  assurees  parle  chauffage  par  circulation  d'eau  chaude 
que  Ton  peut  activer,  ralentir  ou  meme  arreter  partiellement 
ou  en  totalite,  aussi  bien  que  dans  les  systemes  oil  Ton  emploie 
la  vapeur,  nous  croyons  qu'il  merite,  en  general,  la  preference, 
surtout  pour  le  service  des  hopitaux. 
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Si 


CHAUFFAGE  PAR  CIRCULATION  o'l£AU  C11AUDE  A  HAUTE 
TEMPERATURE. 

Quant  au  systeme  de  chauffage  par  circulation  d'eau  chaude 
a  haute  temperature,  connu  sous  lenom  de  systeme  Perkins,  oil 
1'eau  acquiert  parfois  une  temperature  superieure  a  300°,  il  ne 
peut  etre  sans  danger  de  faire  circuler  de  semblables  conduits 
dans  les  epaisseurs  des  planchers,  dans  le  voisinage  de  pieces 
de  bois  qu'une  si  haute  cbaleur  altere  lentement  et  dispose 
a  s'enflammer  spontanement.  Plus  d'un  exemple  d'incendie  a 
juslifie  cette  apprehension. 

Enfin,  aujourd'hui,  dans  les  etablissements  ou  Ton  a  adopte 
ce  systeme  de  chauffage,  tous  les  tuyaux  en  fer  etire  sont  ap- 
parents  et  suspendus  aux  murs  ou  aux  plafonds,  ce  qui  est  d'un 
aspect  fort  disgracieux.  II  est  d'ailleurs  indispensable  d'en- 
tourer  d'un  grillage  ou  d'une  enveloppe  a  distance  les  portions 
de  ces  tuyaux  qui  sont  a  portee  du  contact,  pour  eviter  des  ac- 
cidents graves. 

Par  tous  ces  motifs,  nous  ne  croyons  pas  qu'il  convienne, 
dans  aucun  cas,  d' employer,  pour  le  chauffage  des  bdpitaux,  le 
systeme  Perkins  ou  de  circulation  d'eau  a  haute  temperature. 

En  terminant,  il  n'est  pas  inutile  d'ajouter  que,  d'apres  les 
resultats  generaux  cosnus  jusqu'ti  ce  jour,  le  chauffage  par  cir- 
culation d'eau  chaude  avec  ventilation  a  ete  trouve  plus  econo- 
mique  que  le  chauffage  par  les  caloriferes  ou  par  les  poeles, 
meme  sans  ventilation,  de  sorte  qu'il  leur  est"  preferable,  sous 
tous  les  rapports. 

Qu'ant  a  la  depense  d'installation  des  appareils  destines  ii  as- 
surer a  la  fois  le  chauffage  et  la  ventilation  des  bdpitaux,  elle 
s'est  eleve^e  pour  les  appareils  de  : 

Chauffage  par  la  vapeur  et  de  ventilation  par  insufflation  de 
MM.  Thomas  et  Laurens  a   808  fr.  par  lit. 

Chauffage  par  circulation  d'eau  chaude  et  de 
ventilation  par  aspiration  de  M.  L.  Duvoir-Le- 
blanca   480  fr.  par  lit. 

II  est  certain  (pic  des  appareils  bases  sur  les  mfimcs  principes 
que  ce  dernier,  mais  d'une  disposition  plus  simple  et  aussi  efti- 
cace,  pourraient  etre  aujourd'hui  clablis  h  beaucoup  moins  dc 
VI.  n 
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frais.  Nous  pouvons  cn  fournir  pour  preuve  un  projet  de  chauf- 
fage par  l'e.au  chaude  avec  ventilation  par  appel,  prepare  paries 
soins  du  rapporteur  pour  un  tres-petit  hopital  de  16  Iits  repartis 
dans  deux  salles.  La  depense  d'etablissement  supj)osee  faite  en 
memo  temps  que  la  construction  ne  s'eleve,  d'apres  le  devis 
accompagne  d'une  soumission,  qu'a  200  francs  par  lit,  et  elle 
serait  evidemment  moindre  a  proportion  pour  un  h6pital  plus 
considerable. 

Le  chauffage  et  la  ventilation  par  les  cheminees  rnodifiees, 
comrae  nous  l'avons  indique,  seraient  encore  d'une  installation 
beaucoup  raoins  dispendieuse,  et,  pour  le  meme  projet  d'hA- 
pital  de  16  lits,  la  depense  ne  s'eleverait  au  plus  qu'u  100  francs 
par  lit. 

II  est  d'ailleurs  evident  que,  dans  beaucoup  d'hopitaux  exis- 
tants,  dont  les  salles  ne  seraient  pas  trcs-grandes,  Ton  pourrait, 
sans  difficulties,  substituer  ce  dernier  systeme  a  l'usagc  insa- 
lubre  des  poeles. 

En  resume,  les  appareils  de  chauffage  qu'il  convient  d'adop- 
ter  pour  Tensemble  des  baliments  des  grands  hdpitaux  doivent 
etre  classes  dans  l'ordre  de  preference  suivant,  sous  la  reserve 
de  l'influence  que  des  considerations  locales  peuvent  exercer  sur 
le  choix  a  fairs  : 

1°  Appareils  de  chauffage  par  circulation  d'eau  chaude; 

2°  Appareils  de  chauffage  a  la  vapeur  avec  poeles  ou  recipients 
d'eau ; 

3°  Caloriferes  ii  air  chaud,  avec  ou  sans  cloche  a  eau,  et  avec 
chambre  de  melange  de  l'air  frais. 

Mais  pour  les  h&pitaux  qui  n'ont  que  de  petites  salles,  il  y 
aura  lieu  de  preftirer  a  ces  appareils,  pour  le  chauffage  et  pour 
la  ventilatiou  des  salles,  l'usage  des  cheminees  disposees  comme 
nous  l'avons  indique  plus  hautet  qui  sontfaciles  a  installer  dans 
des  hopitaux  existants. 

Dans  cc  cas,  il  pourrait  encore  etre  avantageux  d'etablir  des 
poeles,  on  un  calorifere  general,  pour  chauffer  les  cages  d'esca- 
liers,  les  corridors  et  les  abords  des  salles. 

En  etablissant,  comme  elle  vient  de  le  faire,  un  ordre  de  pre- 
ference entre  les  differents  appareils  a  employer,  la  Commission 
n'entend  pas  prcscrire  des  regies  absolues,  parce  qu'elle  ne  me- 
connail  pas  qu'il  faut,  dans  tous  les  cas,  tenir  conipte  des  con- 
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ditions  administrative*  et  locales  qui  peuvent  exercer  une  grande 
influence  sur  le  choix  a  faire. 


Le  rapport  qui  precede  a  ete  lu  et  discuteen  seance  du  comity 
le  2  fevrier  1865. 

Le :  coraite,  apres  en  avoir  vole  successivement  les  conclusions, 
1  a  adopte  dans  son  ensemble. 

Le  vice-president, 
Rayer. 

Le  secretaire, 
Deyergie. 


APPAREILS  DE  VENTILATION 


En  reproduisant  ici  in  extenso  le  rapport  du  comite  d'hv^iene 
iu  service  medical  des  hopitaux  relatif  aux  appareils  de  "ven- 
tilation qu'il  convient  d'employer  dans  les  h6pitaux,  nous  de- 
mons faire  remarquer  qu'il  ne  s'agit  dans  ce  rapport  que  de  la 
jomparaison  des  divers  dispositifs  proposes  ou  essaves  au  point 
le  vuedes  effets  physiques  ou  mecaniques  qu'ils  peuvent  rea- 
iser.  II  n  est  et  .1  ne  pouvait,  dans  cette  partie  des  travaux  du 
•■omite,  etre  nullement  question  des  effets  phvsiologiques  et  de 
influence  de  ces  dispositifs  sur  la  sante  des  malades 

Quoique  quelques  h6pitaux  soient  dotes  d'appareils  de  venti- 
ition  plus  on  moins  parfaits  depuis  pres  de  vingt  ans,  les  don- 
ees reguheres  d'observation  manquent  a  peu  pres  comple- 
ment pour  la  solution  de  cette  derniere  et  si  importante 
uestion.  r 

Tout  ce  que  les  recherches  de  divers  observateurs  et  nos 
ropros  exper.ences,  ainsi  que  la  discussion  des  resultats  obte- 
us,  nous  ont  appris,  se  reduit  a  nous  perniettre  d'etablir  que 
»\  ou  tel  d.spositif  est  susceptible,  quand  il  fonctionne  k  son  etat 
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normal,  do  determiner  l'evacuation  et  1'introduction  de  certains 
volumes  d'air,  qu'il  presente  certains  inconvenients,  qu'ildevrait 
recevoir  certaines  moditications,  etc.,  etc.,  etenfin  nous  autoriser 
a  nous  prononcer  sur  les  principes  qui  doivent  guider  dans  le 
choix  des  dispositifs  proposes. 

Mais  en  ce  qui  concerneles  effets  reels,  journaliers,  reguliers 
produits  pendant  toute  l'annee  par  ces  mSmes  appareils  depuis 
qu'ils  existent,  sous  le  simple  rapport  du  renouvellement  dc 
Fair,  l'administration  est  rcstce  jusqu'i  ces  derniers  temps  de- 
pourvue  de  tout  moyen  regulier  de  controle  independant  de 
l'exactitude  et  de  l'intelligence  de  ses  agents.  L'on  ne  saurait  lui 
en  faire  reproche,  puisque  ces  moyens  n'existaient  pas,  ou  plu- 
t&t  que  ceux  que  l'on  connaissait  exigeaientlo  concours  d'expe- 
rimentateurs  un  peu  exerces. 

Mais  la  consequence  de  cette  absence  de  moyens  de  contr&le 
n'en  est  pas  moins  tres-facheuse,  en  ce  qu'elle  ne  permet  pas 
encore  aux  medecins  d'etablir  entre  les  h&pitaux  pourvus  d'ap- 
parcils  de  ventilation  et  ceux  qui  n'en  ont  pas  des  comparisons 
basees  sur  une  marcbe  reguliere  et  normale  de  ces  appareils,  et 
qu'il  en  resultc  pour  quelques  medecins  des  doutes  sur  l'effica- 
clte  reelle  d'un  abondant  renouvellement  de  l'air  dans  les  b6pi- 
taux. 

Aujourd'bui,  les  instruments  qui  ont  manque  jusqu'ici  exis- 
tent, quelques-uns  fonctionnent  avec  continuite,  et  ils  permet- 
tront  bientot  a  un  directeur  d'bdpital  de  s'assurer,  sans  sortir 
de  son  cabinet,  si  le  service  de  la  ventilation  se  fait  avec  la  re- 
gularite  prescrite.  Des  lors,  cette  regularite  pourra  6lre  obtenue 
et  l'appreciation  des  resultats  physiologiques  et  bygieniques 
deviendra  possible  avec  plus  de  precision  que  par  le  passe. 

Quoi  qu'il  en  soit,  il  est  assez  evident  a  priori,  et  nos  organes 
nous  rendent  assez  sensibles  les  avantages  d'une  ventilation 
abondante  et  reguliere,  pour  qu'il  n'y  ait  aucun  doute  sur  l'uti- 
liteet  lanecessite  d'un  renouvellement  constant  et  continu  de 
l'air  dans  les  salles  des  hdpitaux,  et  la  question  du  cboix  des 
dispositifs  a  adopter  conserve  toute  son  importance.  A.M. 
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RAPPORT 

SU«   LICS  APPARE1LS  DE  VENTILATION 

AU  NOM  DE  LA  COMMISSION  D'HYGIENE  DES  HOPITAUX 

Par  le  gf$ni5ral  MORIN,  rapporteur. 


Apres  s'etre  occupee  des  conditions  d'etablissement  des  h6pi- 
taux  generaux  et  speciaux,  du  nombre  et  de  la  grandeur  des 
salles,  de  leur  disposition  interieure  au  point  de  vue  du  bien- 
etre  des  malades,  et  des  facilites  du  service,  la  Commission  a 
porte  ses  etudes  sur  les  questions  qui  se  rattachent  a  l'hygiene 
et  a  la  salubrite.  Elle.  a  indique  le  choix  k  faire  pour  la  situation, 
pour  Texposition  des  batiments,  les  proportions  a  adopter  pour 
la  surface  horizontale  et  pour  l'espace  cubique  a  allouer  a  chaque 
lit  de  malade,  et  elle  s'est  ensuite  appliquee  a  l'etude  des  ques- 
tions, fort  controversies  dans  ces  dernieres  annees,  qui  se  rat- 
tachent a  la  ventilation  et  au  chauffage  de  ces  asiles. 

Depuis  longtemps  deja,  la  sollicitude  des  administrations 
hospitalieres  s'etait  preoccupee  de  la  recherche  des  moyens  les 
plus  surs  a  employer  pour  renouveler,  dans  les  salles  de  ma- 
lades, l'air  incessamment  vicie  par  les  emanations  plus  ou  moins 
insalubres  produites  par  les  individus  souvent  trop  nombreux 
qui  s'y  trouvent  reunis,  et  pour  le  remplacer  par  de  l'air  nou- 
veau  aussi  pur  que  possible. 

Des  l'annee  1846,  mettant  a  l'essai  des  dispositions  appliquees 
depuis  \82'6  au  palais  du  Conseil  d'Etat  et  en  d'autres  lieux  par 
feu  Leon  Duvoir-Leblanc,  elle  introduisait  dans  l'un  des  pavil- 
ions de  l'hdpital  Beaujon  le  systeme  de  chauffage  par  circulation 
d'eau  chaude  et  de  ventilation  par  aspiration  de  cet  ingenieux 
constfftcteur,  chez  qui  l'mtelligence  suppleait  a  l'lnstruclion 
premiere.  Cet  essai,  malgre  son  succcs  bien  constate  sous  le 
rapport  de  l'evacuation  de  l'air  vicie,  laissait  a  desirer  sous  celui 
de  ['introduction  reguliereet  convenable  de  l'air  nouveau.  Trop 
exclusif  et,  commc  tons  les  hiventeurs,  trop  conliant  dans  1'cili- 
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cacite  des  moyens,  fort  rationnels  d'ailleurs,  qu'il  cmployait, 
Leon  Duvoir  n'avait  pas  suffisamment  assure  la  rentree  de  fair 
nouveau  en  toute  saison;  et  cependant  les  medecins  charges  du 
service  dans  cet  hdpital  avaient  cm  pouvoir  constater  que,  tels 
qu'ils  etaient,  les  appareils  de  ventilation  avaient  produit,  dans 
la  salubrite  du  pavilion  qui  en  etait  pourvu,  une  amelioration 
considerable,  qui  infiuait  notablement  sur  le  retablissement  des 
malades. 

Satisfaite  de  ce  premier  succes,  L'adminis'tralion  des  lidpitaux 
se  decida  a  faire  etablir  des  appareils  du  meme  systeme  dans 
l'un  des  pavilions  de  l'hdpital  Necker,  destine  aux  femrnes  ma- 
lades, et  les  resultats  constates  par  une  Commission  coraposee 
de  MM.  Combes,  membre  de  l'lnslitut,  Leblanc  (Felix),  repeti- 
teur  a  l'Ecole  polytecbnique,  Gauthier,  arcbitecte,  membre  de 
l'institut,  et  Huve ,  arcbitecte,  montrerent  que,  pendant  l'ete 
comme  pendant  l'hiver,  le  volume  d'air  vicie  evacue  par  les  ap- 
pareils pouvait  s'elever  de  60  a  70  melres  cubes  parheure  et  par 
lit,  et  m6me  parfois  depasser  de  beaucoup  ces  chilfres. 

La  creation  du  vaste  ho-pital  qui  porte  aujourd'hui  le  nom 
d'Bdpital  Lariboisiere  offrait  a  1' Administration  une  nouvelle  et 
importante  occasion  de  continuer  les  ameliorations  qu'elle  avait 
deja  si  heureusement  introduites  dans  son  service.  Un  projet 
completpour  cet  h6pital  avait  ete  demande  en  1847  au  meme 
conslructeur  et  examine  par  une  Commission,  qui  y  avait  indi- 
que  di verses  modilicalions  ayant  pour  but  d'accroitre  les  moyens 
d'evacuation  de  l'air  vicie  et  d'introduction  de  l'air  nouveau  h 

Les  evenements  de  1848  ayant  fait  ajourner  la  solution  de  la 
question,  et  des  dispositib>  differenls  ayant  ete  proposes  et  pre- 
sented en  1852  a  1' Administration  comme  resolvant  le  probleme 
d'une  maniere  a  ia  fois  plus  sure  et  plus  economique,  elle  se 
decida  a  mettre  la  question  au  concours. 

Mais,  revenant  sur  les  bases  qu'elle  avait  precedemment  ad- 
mises,  elle  erut  a  ce  moment  devoir  se  bonier  a  exiger  : 

1°  Une  ventilation  continue  d'air  chaud  pendant  l'hiver,  et 
d'air  froid  pendant  la  saison  chaude,  d  raison  d'au  moins  20  me- 
tres cubes  par  lit  et  par  heure  dans  les  salles  de  malades, 

I.  Cellc  commission  dtuit  composde  do  MM.  lc  lieutcnant-uolouel  Moriu,  (iau- 
lliicr  de  Claubry  ot  liubinet. 
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2°  Et  une  ventilation,  pendant  le  jour  seulement,  dans  les 
chautfoirs  a  raison  de  10  metres  cubes  par  lit  du  pavilion  cor- 
respondant. 

C'etait,  il  faut  le  dire,  retrograder  et  meconnaitre  les  resullats 
de  l'observation,  qui  avaient  montre  qu'a  1'hdpital  Beaujon  et  a 
l'hopital  Necker,  si  un  renouvellement  d'air  obtenu  a  raison  de 
CO  metres  cubes  par  heure  et  par  lit  avait  constitue  une  grande 
amelioration,  ce  cbiffre,  bien  superieur  a  ce  qui  avait  ete  jus- 
qu'alors  indique  par  la  science,  etait  encore  a  peine  suffisant. 

Aussi,  lorsque  l'un  de  nous,  consulte  par  le  ministre  de  l'iu- 
terieur  au  sujet  des  divers  projels  presentes  au  concours  pour 
l'li6pital  Lariboisiere,  dul  donner  un  avis,  crut-il  devoir  s'expri- 
mer  en  ces  termes 1  : 

a  Je  crois  done,  Monsieur  le  ministre,  abstraction  faite  de 
«  toute  consideration  des  differents  systemes  proposes,  devoir 
«  vous  prier  d'exiger  que  le  minimum  du  volume  d'air  expulse 
«  par  lit  des  salles  de  malades  soit  fixe  a  60  metres  cubes  par 
(i  heure,  et,  pour  les  promenoirs,  a  50  metres  cubes,  avec  obli- 
<t  gation  de  doublercette  quaulite,  des  que  radministration  en 
«  reconnailrait  la  convenance  ou  la  necessite,  sans  que  la  depense 
«  excedat  dans  une  proportion  donnee  (20  pour  100  par  exem- 
«t  pie)  la  depense  normale.  » 

Plus  loin,  le  meme  rapporteur,  au  sujet  des  deux  principaux 
systemes  mis  en  concurrence  et  dont  l'un,  celui  de  M.  Leon 
Duvoir-Leblanc,  procedait  par  aspiration,  et  l'autre,  celui  de 
MM.  Thomas,  Laurens  et  Farcot,  operait  par  insufflation,  s'expri- 
mait  ert  ces  termes  : 

«  S'il  ne  s'agissait  que  de  faire  un  essai  comparatif  sur  l'un  ou 
«  l'autre  des  batiments  ou  meme  sur  la  moitie  de  part  ct  d'autre, 
4  je  n'lnisiterais  pas,  parce  que,  sans  me  preoccuper  des  inte- 
«  rets  financiers,  jene  verrais  dans  cette  tentative,  qui,  dans  les 
«  deux  cas,  assurerait  au  moins  de  chaque  cote  une  ameliora- 
«  tion  considerable,  qu'une  grande  experience  dont  le  resultat 
<i  final,  en  apportant  au  regime  des  h6pitaux  un  immense  per- 
(!  fectionnement,  donnerait  les  movens  surs  de  le  generaliser. 

«  C'est  a  vous,  Monsieur  le  ministre,  qu'il  appartient  d'appre- 

I.  Haj  porl  adrossti  a  M.  le  ministre  de  TinWrk'ur  par  lu  {,'6n6ral  Morift.  (Mai 
1862.)  i.iudes  mi  In  vnuilation,  page         lcr  volume. 
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«  cier  toute  l'importance  de  la  question  a  ce  point  de  vue  gene- 
«  ral,  et  de  ne  pas  la  circonscrire  a  l'h&pital  du  Nord.  » 
Puis  it  terminait  ainsi  : 

«  Je  conclus  done  a  ce  que  les  appareils  de  M.  Leon  Duvoir- 
«  Leblanc  soient  adoptes  pour  trois  des  batiments  de  l'li6pilal 
«  du  Nord,  et  ceux  de  MM.  Farcot,  Grouvelle,  Thomas  et  Lau- 
€  rens  pour  les  trois  autres. 

«  L'avenir  decidera  quel  est  celui  des  deux  systemes  dont 
«  l'emploi  doit  etre  generalise.  » 

Cette  solution  fut  approuvee  par  le  ministre,  et  e'est  a  cette 
circonstance  qu'est  du  l'etablissement  simultane  des  deux  sys- 
temes qui  fonctionnent  a  l'h6pital  Lariboisiere,  et  qu'il  faut  at- 
tribuer  la  facilite  que  nous  avons  eue  de  les  comparer  dans  des 
conditions  a  tres-peu  pres  identiques. 

Plus  tard,  Padministration  de  PAssistance  publique,  juste- 
ment  frappee  des  depenses  considerables  qu'avaient  entrainees 
ces  installations,  malheureusement  f'aites  apres  la  construction 
des  batiments  (coiiime  cela  n'arrive  que  trop  souvent),  consentit 
a  faire  etablir,  d'abord  comme  essai,  a  l'li6pital  Beaujon,  et  en- 
suite,  a  titre  defmitif,  a  l'hospice  Necker,  un  autre  systeme  de 
ventilation  par  insufflation  et  de  chauffage  par  l'air  chaud,  pro- 
pose par  un  medecin  beige,  le  docteur  Van  Hecke,  systeme  qui 
a  etc  aussi  applique  a  l'Asile  imperial  du  Vesinet. 

Enfin,  d'autres  dispositifs  ont  ete  introduits,  dans  ces  der- 
nieres  annees,  a  l'liopital  de  Vincennes  par  le  service  du  genie  : 
ils  procedentpar  l'aspiration. 

On  voit,  par  cet  expose  general  des  tentatives  faites  par  l'ad- 
ministration  des  hospices  de  la  ville  de  Paris,  et  plus  tard  par 
celle  de  PAssistance  publique  qui  lui  a  succede,  qu'elles  n'ont 
recule  devant  aucune  depense  pour  assurer  a  nos  hdpitaux  une 
ventilation  susceptible  d'y  maintenir  la  salubrite.  Si  l'examen 
des  resultats  obtenus,  si  la  discussion  des  nombreuses  expe- 
riences faites  par  divers  observateurs  nous  conduisent  a  des 
conclusions  differentes  de  celles  que  l'Administration  avait  cru 
d'abord  pouvoir  accepter,  il  n'en  est  pas  moins  juste  de  recon- 
naitre  que,  si  nous  sommes  parvenus  a  enoncer  des  principes,a 
formuler  des  regies  qui  permettent  d'obtenir  a  l'avenir  des  re- 
sultats stables  et  satisfaisants,  nous  n'aurions  pu  y  arriver  sans 
les  lumieres  que.  nous  avons  puisees  dans  l'etudc  des  appareils 
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etablis  par  ces  administrations  et  dans  celle  des  experiences 
qu'elles  ont  provoquees,  fait  faire  ou  facilities. 

Chaque  jour,  en  amenant  quelque  progres  nouveau  dans  les 
connaissances  humaines  et  dans  les  arts,  nous  oblige  tous  k  mo- 
difier nos  idees  et  nos  jugements,  et  de  pareils  changements  dans 
les  opinions,  non  plus  que  les  discussions  qui  les  amenent,  ne 
sauraient  etre  regardes  comme  une  critique  des  travaux  ante- 
rieurs,  auxquels  il  est,  au  contraire,  du  devoir  de  tout  apprecia- 
teur  impartial  de  rendre  pleine  et  entiere  justice. 

Mais  l'etude  des  travaux  executes  en  France  ne  devait  pas 
etre  la  seule  quifut  susceptible  dejeter  du  jour  sur  l'importante 
question  confiee  a  votre  Commission,  et  elle  avait  aussi  a  tenir 
compte  des  tentatives  plus  ou  moins  heureuses  faites  k  l'etran- 
ger,  et  plus  particulierement  en  Angleterre.  Diverses  publica- 
tions, des  renseignements  fournis  par  M.  le  docteur  Lefort,  ainsi 
que  des  documents  recueillis  par  Tun  de  nous,  nous  ont  servi  a 
completer  nos  recberches  sous  ce  rapport. 

Apres  ce  preambule  necessaire  pour  faire  connaitre  la  situa- 
tion generale  du  probleme  et  les  dispositions  que  la  Commission 
apportait  a  l'etude  des  questions  qu'elle  avait  a  examiner,  il 
convienl  d'indiquer  la  marche  qu'elle  a  suivie  pour  parvenir  a 
leur  solution. 

Sans  se  preoccuper  aucunement  d'abord  des  differents  dispo- 
sitifs  employes  ou  proposes,  elle  a  clierche  a  bien  preciser  le 
but  et  les  conditions  d'une  bonne  ventilation,  en  se  reservant 
de  partir  de  ces  premisses  pour  l'examen  ulterieur  de  ces  dis- 
positifs. 

VOLUME  d'aIR  A  RENOUVELER  PAR  LIT  DANS  LES  HOPITAUX. 

Avant  de  s'occuper  des  moyens  a  employer  pour  assurer  le 
renouvellement  de  l'air  dans  les  salles  et  dans  les  dependances 
d'un  bdpital,  il  etait  naturel  de  fixer  les  idees  sur  le  volume  d'air 
necessaire  a  l'assainissement  de  ces  locaux. 

Les  opinions  ont  ete,  jusqu'a  ces  derniers  temps,  fort  parla- 
gees  k  ce  sujet,  et  les  donnees  de  la  science  pbysiologique  n'ayant 
pu  servir  k  les  fixer,  il  faut  recourir  k  ^experience  pour  deter- 
miner ces  volumes,  en  tenant  compte  des  conditions  particu- 
lieres  aux  hnpitaux. 
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Suns  rappeler  les  evaluations  succossives  des  commissions 
d'hygiene,  qui,  en  1843,  regardaienl  un  volume  de  10  metres 
cubes  d'ah-  par  heure  et  par  malade  comme  suffisant,  et  sans 
revenir  sur  celle  de  20  metres  cubes  que  1' Administration  des 
b6pitaux  adoptait  dans  le  programme  de  1852  pour  l'h6pital 
Lariboisiere,  nous  nous  eonlenterons  de  dire  que  l'ensemble  des 
observations  a  conduit  presque  tous  ceux  qui  se  sont  occupes 
de  la  question  a  reconnaltre  aujourd'hui  que,  pour  les  salles  de 
malades  ordinaires,  ce  volume  doit  etre,  au  minimum,  de 
60  metres  cubes  par  heure  et  par  lit. 

Une  observation  faitepar  l'un  de  nous  al'h6pital  Lariboisiere 
a  montre  en  effet  qu'on  ne  pouvait,  sans  inconvenients,  diminuer 
sensibleraentce  volume1.  Dansle  courantdu  mois de fevrier  1861 , 
le  nombre  des  malades  recus  dans  cet  hdpital  s'etant  beaucoup 
augmenle,  on  a  ete  dans  la  necessity  d'installer,  dans  quelques- 
unes  des  salles  et,  en  particulier,  dans  celles  du  pavilion  n°  4, 
des  lits  supplementairesi  de  sorte  qu'au  premier  et  au  second 
etage,  le  nombre  des  lits  a  ete  porte  de  32  a  42  ou  44;  des  lors 
la  ventilation  habituelle,  qui  n'est  en  moyenne  que  de  60  a 
70  metres  cubes  par  heure  et  par  lit,  quand  il  y  en  a  32,  s'est 
trouvee  reduite  a  45  ou  a  53  metres  cubes,  et  est  devenue  tout  a 
fait  insuffisante;  une  odeur  tres-forte  et  tres-desagreable  regnait 
dans  ces  salles  :  au  dire  des  malades,  l'infection  etait  surtout 
tres-intense  pendant  la  nuit. 

L'on  a  alors  active  l'evacuation  de  l'air  vicie,  en  allumant  dans 
la  cheminee  generale  53  bees  de  gaz,  qui  y  avaient  ete  places 
pour  des  experiences  speciales,  et  le  volume  d'air  evacue  s'etant 
eleve  a  7,250  metres  cubes  environ,  et  le  nombre  des  malades 
dans  ce  pavilion  etant  alors  de  120,  on  a  ramenela  ventilation 
au  chiffre  de  60  metres  cubes  environ  d'air  par  heure  et  par  lit: 
ramelioration  dans  la  salubrite  de  l'air  a  ete  immediate. 

On  voit  done  que,  si  l'extraction  d'un  volume  de  60  metres 
cubes  d'air  par  heure  et  par  lit  suffit  a  peine  pour  entretenir  l'air 
des  salles  a  un  deyre  acceptable  de  purete,  celle  d'un  volume  de 
45  metres  cubes  etaic  tout  k  fait  insuffisante. 

Le  volume  de  60  a  70  metres  cubes  d'air  par  heure  et  par  lit 
e.st  aujourd'hui  admis  par  Tadministration  de'  l'Assistance  pu- 


1.  Eludes  KUr  La  ventilation, ,  I"  vol.,  page  345. 
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blkjuo  comme  base  des  dispositions  a  prendre  pour  la  ventila- 
tion des  hdpitaux  dans  les  cas  ordinaires. 

Mais  pour  les  salles  de  blesses,  dans  lesquelles  des  plaies  pu- 
rulentes  exhalent  souvent  une  odeur  i'etide,  et  oil,  par  suite,  se 
dt'vlarent  frequemment  des  affections  eresypelateuses  ou  autres, 
et  pour  les  hdpitaux  de  lemmes  en  couches,  il  nous  a  paru  ne- 
cessaire  d'elever  ce  volume  a  80  ou  100  metres  cubes  en  temps 
ordinaire,  et  a  1 50  metres  cubes  en  temps  d'epidernie1. 

Quant  au.v  hopitaux  destines  aux  enfants  et  aux  hospices  ou 
sont  reijus  les  vieillards  ou  les  alienes,  ung  ventilatiun  calculee 
a  raison  de  30  a  40  metres  cubes  par  heure  et  par  individu  nous 
parait  suffisanle. 

En  resume,  votre  Commission  vous  propose  de  fixer  ainsi 
qu'il  suit  les  volumes  d'air  a  renouveier  dans  les  salles  deslio- 
pilaux  : 

Par  heure  et  par  individu. 

Malades  ordinaires   60  a  70  metres  cubes. 

Blesses  et  femmes  en  couches.  ...     80  a  100  — 

En  temps  d'epidernie   150  — 

Enfants   30  — 

Dans  les  hospices  de  vieillards.  .  .     40  — ' 

La  condition  d'augmenter  le  volume  d'air  normal  dans  une 
proportion  considerable  exige  necessairement  que  des  disposi- 
tions speciales  soient  prises  pour  assurer  cet  accroissement. 


CONDITIONS  ET  BUT  DE  LA  VENTILATION. 

Ces  bases  etant  posees,  votre  Commission,  avant  d'entrcr  dans 
la  discussion  des  systemes  de  ventilation  proposes  ou  employes 
jusqu'a  ce  jour,  a  du  chercher  a  bien  preciser le  but  a  atteindre 
et  les  conditions  auxquelles  il  taut  satisfaire. 

Le  renouvellement  de  l'air  dans  les  lieux  habites  n'etant  rendu 
necessaire  que  par  1'akeration  qu'y  produisent  les  emanations 

1.  Le  volume  de  100  metres  cubes  d'air  par  heure  et  par  lit  est  aujourd'hui 
admis  eomme  base  de  la  ventilation  des  liopil.iux  de  femmes  en  couches  de  Vienne 
et  de  Salnt-Pdter<bourg. 
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du  corps,  ou  par  la  chaleur  qu'y  developpent  les  individus  ou 
les  apparcils  d'eclairage,  et  souvent  par  ces  deux  causes  reunies, 
il  a  paru  evident  a  votre  Commission  qu'elle  devait  admettre 
pour  base  de  ses  discussions  le  principe  suivant : 

La  ventilation  hygienique  des  hdpitaux  doit  avoir  pom*  but  et  pour 
effet  principal  d'extraire  I'air  vicie  des  lievx  et  des  points  memes  ou 
il  se  produit. 

Mais,  toute  extraction  d'air  d'un  espace  quelconque  qui  n'est 
pas  hermetiquement  clos  et  dans  lequel  le  vide  ne  peut  exister 
impliquant  necessairement  la  rentree  de  l'air  nouveau,  on  ne 
doit  pas,  dans  la  solution  des  questions  de  ventilation,  separer 
l'etude  des  dispositions  a  prendre  pour  assurer  la  rentree  de 
l'air  de  celles  qui  ont  pour  objet  son  extraction. 

Cependant,  quoique  ces  deux  questions  soient  connexes  et 
tres-etroitement  liees  l'une  a  l'autre ,  la  premiere  (celle  de 
l'extraction)  est  evidemment  la  plus  importante;  la  seconde  n'en 
est  que  la  consequence  forcee.  Cela  est  si  vrai  que,  quand  la 
solution  de  la  premiere  est  assuree,  la  nature  seule  se  charge 
presque  toujours  d'une  grande  partie  de  celle  de  la  seconde. 
Les  cheminees  ordinaires  d'appartement  etl'appel  d'air  qu'elles 
exercent  de  l'exterieur  vers  l'interieur  en  fournissent  un  exemple 
trop  evident  pour  qu'il  soit  necessaire  d'en  citer  d'autres. 

Partant  de  ces  considerations,  la  Commission  a  decide  qu'elle 
examinerait  d'abord  les  divers  systemes  a  comparer  au  point  de 
vue  de  l'energie,  de  la  regularity  et  de  la  stabilite  qu'ils  sont 
susceptibles  d'assurer  a  l'evacuation  de  l'air  vicie. 

SYSTEMES  DIVERS  DE  VENTILATION  EMPLOYES. 

Sous  des  formes  et  avec  des  dispositions  differentes,  deux 
systemes  de  ventilation  etaient  a  comparer  :  l'un,  le  plus  ancien 
de  beaucoup,  en  usage  de  temps  immemorial  dans  les  mines  les 
plus  profondes,  represente  dans  nos  habitations  par  les  chemi- 
nees, determine  l'evacuation  de  l'air  vicie  des  lieux  a  ventiler 
par  l'exccs  de  la  temperature  de  Fair  dans  un  puits  ou  dans  une 
chemineed'evacuation  sur  la  temperature  exterieurc  ou,  ce  qui 
l  evient  au  ineme,  par  l'exces  de  la  densite  de  l'air  exterieur  sur 
celle  de  l'air  qui  circule  dans  la  chemince. 
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La  theorie 1  et  l'experience  sont  d'accorcl  pour  montrer  que  le 
volume  de  l'air  evacue  est  proportionnel,  toutes  choses  etant 
egales  d'ailleurs, 

1°  A  l'aire  dela  section  transversale  de  la  cheminee; 

2°  A  la  racine  carree  de  la  hauieur  de  la  cheminee; 

3°  A  la  racine  carree  de  l'exces  de  la  temperature  de  l'air  dans 
la  cheminee  sur  la  temperature  exterieure. 

Ce  mode  de  ventilation  porte  le  nom  de  ventilation  par  aspira- 
tion. L'exces  de  temperature  qu'il  est  necessaire  de  maintenir 
dans  la  cheminee  est  ordinairement  obtenu  dans  les  mines  et 
dans  certains  edifices,  comme  a  la  prison  Mazas,  au  Conserva- 
toire des  arts  et  metiers,  etc.,  au  moyen  de  foyers  allumes  au 
bas  des  puits  ou  conduits  d'evacuation.  Dans  d'autres  cas,  on  se 
sert  de  recipients,  dans  lesquels  circule  de  la  vapeur  ou  de  l'eau 
chaude.  Enfin,  la  chaleur  developpee  par  la  combustion  du  gaz 
peut  etre  utilisee,  soit  d'une  maniere  permanente,  soit  acciden- 
tellement,  selon  les  bcsoins. 

Quel  que  soit  le  mode  d'echauffement  de  l'air,  et  quelle  que 
soit  la  temperature  exterieure,  toutes  les  fois  que  la  temperature 
dans  le  conduit  d'evacuation  depassera  d'un  m6me  nombre  de 
degres  celle  de  l'air  exterieur,  la  vitesse  dans  ce  conduit  et,  par 
consequent,  le  volume  d'air  ecoule  seront  les  mSmes  :  c'est, 
comme  nous  venons  de  l'indiquer,  ce  que  nous  apprend  la  theo- 
rie aussi  bien  que  l'experience;  nous  aurons  plus  loin  1'occasion 
de  le  verifier. 

Tel  est,  dans  son  ensemble  et  dans  ses  conditions  fondamen- 
tales,  le  systeme  dela  ventilation  par  aspiration. 

Quelquefois,  cependant,  on  rernplace  Taction  de  la  chaleur 
par  celle  d'un  ventilateur  aspirant,  que  Ton  etablit  alors  le  plus 
souvent  a  la  partie  superieure  du  puits  ou  conduit  d'extraction. 
Ce  dispositif  est  employe  dans  les  mines  pour  la  ventilation  pro- 
prement  dite,  et  plus  souvent  dans  les  aiguiseries  et  dans  les 
usines  ou  se  developpent  des  poussieres  dangereuses  ou  incom- 
modes. 

La  condition  de  stabilite  de  l'evacuation  se  reduit  alors  a  peu 
pros  a  celle  de  la  Constance  de  la  vitesse  du  ventilateur. 

Le  second  systeme,  qui  a  recu  le  nom  de  ventilation  par  insuf- 

1.  Etudes  vir  In  ventilation,  tome  l,r,  pagOS  1G8  ul  suiv. 
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potion  ou  par  pulsion,  est  base"  sur  l'emploi  d'appareils  mecani- 
ques,  et  en  particulier  de  ventilateurs  plus  ou  moins  puissants 
qui,  pardcs  conduits  ordinairement  places  sous  le  sol,  dans  les 
murs  et  enfin  sous  une  partie  des  planchers,  font  penetrer  dans 
les  salles  a  ventiler  de  l'air  refoule  par  leur  action,  et  determi- 
nent  n^cessairement  la  sortie  d'un  volume  egal  par  les  orifices 
qui  peuvent  permettre  cette  evacuation. 

Les  partisans  de  ce  systeme,  pensant  que  cette  affluence  de 
l'air  dans  les  salles  devait  y  produire  un  accroisseinent  de 
pression  assez  notable,  en  ont  conclu  que  l'air  interieur  vicie 
serait  ainsi  force  de  s'ecouler  par  les  orifices  et  par  les  conduits 
d'evacuation  menages  a  cet  effet,  et  que,  pourvu  que  la  vitesse 
de  inarche  du  ventilateur  fiit  suffisante  et  constante,  celle  de 
l'introductiou  de  l'air  refoule  le  devenant  aussi,  il  en  serait  ne- 
cessairement  de  meme  de  l'evacuation  par  les  conduits  disposes 
dans  ce  but.  On  verra  plus  loin  que  ni  l'une  ni  l'autre  de  ces 
conclusions  ne  sont  exactes;  laderniere  surtout  beaucoup  moins 
que  la  premiere. 

11  resulte  de  la  description  generate  que.  nous  venous  de  don- 
ner  des  deux  systemes  de  ventilation  que,  dans  celui  de  Inspi- 
ration, les  mouvements  de  l'air  sont  analogues  a  ceux  de  l'eau 
dans  une  pompe  aspirante,  l'air  evacue  etant  necessairement 
rcniplace  par  de  l'air  nouveau,  et  qu'h  1'inverse  celui  de  l'insuf- 
tlation  devrait  operer  a  la  maniere  des  pompes  foulantes,  en 
obligeant  a  sortir  des  salles  un  volume  d'air  vicie  egal  a  celui 
qui  y  serait  entre. 

INous  verrons  plus  loin  a  quelles  conditions  le  premier  systeme 
pent  nealiser  les  effets  proposes,  et  s'il  est  possible  que  le  se- 
cond parvienne  k  satisfaire  k  celle  d'une  expulsion  reguliere  et 
stable  de  l'air  vicie.  Mais,  des  a  present,  il  y  a  lieu  de  faire  re- 
marquer  que,  par  suite  des  differences  naturelles  et  inevitables 
de  la  temperature  de  l'air  admis,  de  l'air  evacue  etde  l'air  ex'u''- 
rieur,  respiration  doit  toujours  participer,  dans  une  certaine 
proportion,  aux  effets  des  appareils  d'insufflation  :  e'est  ce  que 
l'experience  nous  montrera.. 

DISPOSITIONS  (JENBRALES  ADOPTEES  A  L'lIOPITAL  LARinOISIEUE. 


II  ne  pent  6tre  question,  dans  ce  rapport,  de  comparer  les  re- 
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sullats  de  I'application  de  ces  deux  systemes  qu'en  ce  qui  con- 
cernq  spec ialement  les  h6pitaux,  et,  pour  le  faire  avec  quelque 
clarte,  il  est  necessaire  de  donner  une  idee  sommaire  des  dispo- 
sitions generates  employees  pour  obtenir  dans  les  salles  de  ma- 
lades  l'evacuation  de  l'air  vicie  le  plus  pres  possible  des  points 
oil  l'infection  se  produit,  c'est-a-dire  pres  des  lits  des  malades, 
sans  qu'ils  en  soient  incommodes. 

Afin  de  faire  cette  comparaison  de  la  maniere  la  plus  equi- 
table, nous  cboisirons  d'abord  pour  termes  les  dispositions 
adoptees  pour  les  pavilions  de  1'hopital  Lariboisiere,  ou  sont 
etablis  d'une  part,  dans  les  trois  pavilions  nos  1 ,  3  et  5,  destine? 
au  service  des  femmes,  les  appareils  de  ventilation  par  aspira- 
tion et  de  chauffage  a  l'eau  cbaude  du  systeme  de  M.  Leon  Du- 
voir-Leblanc,  et.  d'une  autre  part,  dans  les  pavilions  nos2,  4  et 
6,  les  appareils  de  ventilation  par  insufflation,  et  de  chauffage 
par  la  vapeur,  du  systeme  de  MM.  Farcot,  Thomas  et  Laurens. 

Dans  chacun  de  ces  pavilions,  a  trois  etagcs,  il  y  a  trois  salles 
contenant  chacune  32  lits  et  trois  petites  chambres  a  2  lits,  ce 
qui  donne  96  lits  pour  les  grandes  salles,  6  pour  les  petites 
chambres,  et  en  tout  102  lits  par  pavilion  a  l'etat  normal. 

Les  batiments  sont  simples,  eclaires  sur  chacune  des  deux 
faces  parhuit  fenfitres.  Deux  lits  sont  places  devant  chaque  tru- 
meau,  a  0m,40  ou0m,50  du  mur,  et,  dans  l'intervalle  de  ces  deux 
lils,  un  conduit  d'evacuation  vertical,  partant  du  niveau  du 
plancher,  est  destine  a.  l'exlraction  de  l'air  vicie.  La  disposition 
des  deux  groupes  de  pavilions  est  identique  sous  ce  rapport, 
ainsi  que  sous  celui  des  autres  details  generaux  de  la  construc- 
tion. 

Les  conduits  d'evacuation  de  l'air  vicie  particuliers  &  chaque 
etage  s'clevent  dans  les  trumeaux  jusqu'au  niveau  du  grenier, 
ou  ils  debouchent  dans  des  conduits  horizontaux  qui  dirigenl 
l'air  extrait  vers  une  cheminee  generale  d'evacuation  commune 
aux  trois  salles  d'un  meme  pavilion. 

Mais,  des  a  present,  il  importe  de  signaler  une  difference 
assez  notable  qui  existe  entre  les  deux  groupes  de  pavilions, 
dans  la  disposition  de  ces  derniers  conduits  et  des  cheminees. 

Dans  ceux  (n°*  1,3  et  5),  oil  Ton  procede  par  aspiration,  les 
conduits  verticaux  venant  d'un  memetrumeau  debouchent,  trois 
pa   trois,  dans  un  meme  conduit  horizontal,  isole  des  autres, 
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qui  se  rend  directement  dans  une  sorte  de  charabre  a  air,  la- 
quelle  forme  la  base  de  la  cheminee  d'evacuation,  construite  en 
briques.  Dans  cette  chambre  et  dans  la  cheminee  sont  places 
des  recipients  ou  circule  de  l'eau  cbaude,  qui,  cn  echaull'ant 
Fair  affluent,  doit  donner  a  l'aspiration  le  degre  d'cnergie  neces- 
saire.  Le  grenier  est  clos,  plafonne,  et  mis  autant  que  possible  a 
l'abri  du  refroidissement. 

Dans  les  pavilions  nos  2,  4  et  6,  ventiles  par  insufflation,  tous 
les  conduits  verticaux,  venant  d'une  meme  face  des  pavilions, 
debouchent  dans  un  conduit  horizontal  commun  place  dans 
Tangle  aigu  forme  par  les  longs  pans  du  toil  et  par  le  sol  du 
grenier.  Ces  deux  conduits  debouchent  par  deux  canaux  incli- 
nes a  la  base  de  la  cheminee  d'evacuation,  qui  est  en  zinc  et  qui 
ne  recoit  aucun  appareil  propre  a  activer  l'evacuation,  pour  la- 
quelle,  dansce  systeme,  on  a  exclusivement  compte  sur  Taction 
de  Tappareil  d'insufflalion. 

Cette  derniere  disposition  est  evidemment  moins  convenable 
que  la  premiere  :  les  conduits  horizontaux,  communs  a  tousles 
canaux  d'evacuation  verticaux  d'une  mfime  face,  sont  bien  plus 
exposes  au  refroidissement  que  ceux  des  autres  pavilions;  s'il 
s'y  fait  quelques  fissures,  ce  qui  arrive  toujours  avec  le  temps,  il 
est  difficile  de  s'en  apercevoir  et  de  les  reparer;  ils  peuvent  fa- 
ciliter  la  communication  des  conduits  d'evacuation  des  lits  d'une 
meme  salle  avec  ceux  des  diverses  salles,  et  servir  a  des  rentrees 
d'air  vicie  d'un  etage  a  Tautre,  ainsi  que  cela  arrive  quelquefois 
dans  ce  systeme,  comme  on  le  verra  plus  loin.  Enfin,  la  cliemi- 
nee en  zinc,  qui  n'est  pas  preservee  contre  le  refroidissement 
par  une  chemise  de  briques,  permeten  hiverun  abaissement  tres- 
notable  de  la  temperature  de  l'air  vicie  evacue,  ce  qui  nuit 
beaucoup  a  Factivite  de  l'evacuation. 

Ces  defauts,  dont  le  dernier  est  la  consequence  de  Texcessive 
confiance  que  les  auteurs  du  systeme  avaient  dans  Tenergie  de 
l'action  du  ventilateur,  peuvent  6tre  corriges;  mais  dans  Tetat 
actuel,  ils  nuisent  a  la  marche  de  l'evacuation. 

Nous  ne  nous  etendrons  pas  davantage,  pour  le  moment,  sur 
la  description  des  appareils  dont  il  s'agit  de  discuter  les  effets, 
et  nous  nous  bornerpns  a  ce  qui  concerne  l'evacuation  de  Tair 
vici^,  nous  proposant  d'en  comparer  les  etfets  sous  les  rapporls 
de  Tenergie,  de  la  regularite  etde  la  stabilite. 
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Dans  cette  saison,  ou  la  temperature  de  l'air  exterieur  est 
basse,  tandis  que  celle  des  salles  est  maintenue  a  16°  dans  les 
pavilions  ventiles  par  aspiration,  et  a  18°  ou  19°  dans  ceux  qui  le 
sont  par  insufflation,  l'evacuation  de  l'air  vicie  se  fait  a  peu  pres 
regulierement  par  tous  les  conduits,  dans  l'un  comme  dans 
l'autre  systeme;  c'est  ce  qui  resulte  des  experiences  compara- 
tives, executees  par  MM.  E.  Trelal  et  par  H.  Peligot1  :  les  vo- 
lumes d'air  vicie  cWacues  atteignent  et  depassent  souvent  alors 
la  proportion  de  60  metres  cubes  par  beure  et  par  lit2. 

Mais  il  n'en  est  pas  a  beaucoup  pres  de  mfime  au  printempset 
a  l'automne,  quand  il  fait  du  vent,  et  encore  moins  en  ete.lorsque 
le  chauffage  etant  faible  ou  nul,  la  temperature  exterieure  s'eleve 
et  se  rapprocbe  de  celle  de  l'air  des  salles  :  alors,  et  surtout  quand 
ilfaitdu  vent,  semanifestetoute  l'inferioritedu  systeme  del'insuf- 
flation,  et  aucontraire  toute  lasuperiorite  de  celui  de  Inspiration. 

Sans  entrer  clans  une  discussion  detaillee  des  resultats  des 
nombreuses  experiences  executees  a  diverses  epoques  par  diii'e- 
rents  observateurs3,  nous  les  resumerons  rapidement. 


VENTILATION  PAR  INSUFFLATION. 


INFLUENCE  DES  TEMPERATURES. 


Lorsque  la  temperature  exterieure  se  rapprocbe  de  celle  des 
sailes,  le  volume  d'air  evacue  par  beure  et  par  lit  dans  les  pa- 
vilions n0'  2,  4  et  6,  ventiles  par  insulflalion,  s'abaisse  a  trente 


1.  Etudes  sur  la  ventilation,  l0f  vol.,  page  385,  Insujjluiion. 

'2.  Etudes  sur  la  ventilation,  ler  vol.,  page  463,  Aspiration. 

3.  L'ne  parlie  des  experiences  dont  il  est  iei  question  onl  616  failes,  par  mis 
going,  le  31  aoul  18C3,  au  pavilion  n°  4  de  1'hGpilal  Lariboisiere.  Ellcs  onl 
donne  les  resullals  suivanls  : 
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Eludes  sur  la  ventilation,  p.  4  20,  lcr  volume. 

L'on  remarquera  (pit'  lii  lemperalurc  des  salles  (Hail  de  '.'2tf.&0,  aloi's  t|iie  ftolld 
VI.  7 
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et  quelques  metres  cubes,  tandis  que  le  meme  jour  le  volume 
evacue  par  heure  et  par  Jit  dans  les  pavilions  nos  1,  3  et  5,  ven- 
ules par  aspiration  *,  s'est  eleve  en  moyennc  a  82  metres  cubes. 


dti  l  air  exldrieur  n'filait  que  tie  10°,  ce  qui  monlre  coinhicn  la  venliiation  de 
ces  pavilions  est  insuffisante. 

Si  la  temperature  exterieure  avail  die  plus  (Hevde,  il  est  evident  que  le  volume 
d'air  evacue  par  heure  et  par  lit  aurait  6i6  encore  moindre. 

D'aulrcs  experiences  executres  en  aVrll  el  mai  par  MM.  Leblanc,  repfilileur 
de  physique  a  l'licole  polylechnique,  et  Ser,  ingenieur  de  l'assislance  publiquc, 
out  fourni  les  resultats  suivanls  : 


TKMPEnATUKE 
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29mr.SG 
31  SO 
29  19 
36  27 


3243" 


3 1  ""■.79 
A.M. 


Moyenne  

Eludes  sur  la  ventilation,  p.  387. 

I.  Les  ejtpfirietices  d'dle'  sur  les  pavilions  f,  3,  5,  venltles  par  aspiralion,  ont 
rli:  failes  d'ahord  par  M.  Gu£rin,  ingenieur  de  la  maisori  L  Duvoir,  au  mois 
d'aout  1861,  el  ont  etc;  repdlees  quinze  jours  de  suile,  du  5  au  22  inclusivemenl, 
principah'menl  pendant  les  nuils,  allendu  que  pendant  le  jour  les  porles  dlaient 
conslammenl  ouvcrles.  Elles  ont  eid  repiitees  et  vSriflees  le  31  aofit  par  les  soins 
de  la  direction  du  Conservatoire. 

Les  resullals  moyens  de  ces  experiences  son  I  resumes  dans  le  tableau  suivanl  ! 

Experiences  sur  la  ventilation  d'ili  dans  les  pavilions  de  I'lidpital  Lariboisi'ere, 
venule's  par  appel,  cxicutits  par  M.  Gue'rin,  inginicur  de  la  maison  L.  Duvoir- 
Leblanc. 


PAV1LLON  N»  1. 


PA  VILLON  N"  3. 


PVVILLOS  N*>  5. 


Q.  □  < 


3  « 
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18°.3  38°. 1  19°.2  7980mc 
Volume  (SvacutS  par  heure 

et  par  lit   7Snie.23 


41°. 2      22".  9       69l2mc     40". 9      22°. 6      9 1 30™c 
67°"!.76  k9",c.57 


Volume  d'air  moyen  6vacu4  par  heure  et  par  lit.  .  •  •  78luc.52 
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INFLUENCE  DU  VENTILATEUR  SUR  l/EVACUATION  DE  l'aIR  V1CIK. 

Cette  difference,  si  considerable  entre  la  ventilation  d'hiver  et 
celle  d'ete,  dans  les  pavilions  ventiles  par  insufflation,  vient  de 
ce  que  pendant  l'hiver  Taction  naturelle  de  l'exces  de  la  tempe- 
rature de  Fair  vicie  evacue  sur  la  temperature  exterieure  deTair 
a,  pour  activer  l'evacuation,  une  influence  bien  plus  conside- 
rable que  le  ventilateur. 

Des  experiences  repetees  a  sept  reprises  differentes,  en  de- 
cembre  I860  et  en  janvier  -1861,  alors  que  la  temperature  dans 
les  salles  etait  de  18°  a  20°  et  celle  de  l'air  exterieur  comprise 
entre  —  2°  et  -|-  4°,  ont  en  effet  montre  que  la  part  du  ventila- 
teur dans  l'evacuation  del'air  vicie  n'etait  que  d'environ  0,15  du 
tout,  celle  de  l'aspiration  naturelle  etant  de  0,85 1. 

On  concoit  des  lors  que,  Taction  de  cette  derniere  cause  natu- 

Expiriences  de  verification  Jaites  le  31  aout  par  le  Conservatoire. 

16°. 0     37°. 0     21°. 0      SOTi™13      39°.0     23\0     7996me      36\0      20°. 0  9175°"' 
Volume  d'air  evacuS  par 
heure  et  par  lit   70"™. 12  78m>.37  89mc.95 


Volume  d'air  moyen  (Svacue  par  heure  et  par  lit.  .  .  .  I2mc.48 

Eludes  sur  la  ventilation,  ler  volume,  p.  468.  1 

Ces  resullats  comparatifs  d'experiences  faites  sur  les  pavilions  verities  par 
insulllation  et  sur  ceux  qui  le  sonl  par  appel,  monlrent  d'une  maniere  evidente 
la  superiority  de  ce  dernier  mode  pour  assurer  en  toute  saison  l'evacuation  d'un 
volume  d'air  suflisant,  pourvu  que  la  temperature  dans  In  uhemin£e  d'6vacuation 
surpasse  de  20°  environ  celle  de  l'air  exterieur. 

Npvja  ajoulerons  que  les  dispositions  adoptees  par  M.  L.  Duvoir,  pour  la  venti- 
lation par  appel,  ne  sont  pas  irreprochables  et  qu'elles  seraient  susceptibles  de 
plusieurs  ameliorations  imporlantes  et  faciles  a  rdaliser,  et  qui  ont  616  indiqtiees, 
des  18GO,  a  l'administration  de  l'Assislance  publique.  A.  M. 

1.  Pour  determiner  cette  part  proporlionnelle  du  ventilateur  dans  l'evacuation 
de  l'air  vicie  on  a,  le  13  et  10  decembre  1800  et  le  10,  11  ct  14  janvier  1801, 
observe  les  volumes  d'air  6racu£s  par  la  chetninec  generale  quand  ie  ventilaleur 
marchait  et  quand  il  etait  arrete.  Dans  le  premier  cas,  le  resullat  ubtcnu  etait 
du  a  Taction  simultanee  dc  ce  venlilaleur  et  de  l'aspiration;  dans  le  second,  il 
ne  dependait  que  de  Inspiration  seule  determinee  par  l'exces  de  la  temperature 
dans  la  cheminee  sur  la  temperature  exterieure. 
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relle  diminuant  a  mesure  que  la  temperature  de  l'air  exterieur 
s'eleve,  l'effet  total  doit  suivre  la  m6me  marche. 

L'experience  montrant  d'ailleurs  la  tres-faible  influence  de 
ventilateur  sur  l'evacuation  de  l'air,  on  voit  qu'en  realite  cette 
evacuation  ne  se  produit,  pour  la  plus  grande  partie,  que  par 
reflet  de  l'aspiration  naturelle,  et  que  la  plus  ou  moins  grande 
vitesse  donnee  au  ventilateur  ne  saurait  remedier  a  l'insuffisance 
de  la  ventilation  de  printemps  et  d'ete. 

A  l'inverse,  dans  les  pavilions  nos  1 ,  3  et  5,  ventil^s  par  aspi- 
ration, la  disposition  des  appareils  et  les  proportions  qui  leur 
ont  ete  donnees  pouvant  permettre  en  toute  saison  de  maintenir 
dans  la  cheminee  generale  d'evacuation  une  temperature  qui 
excede  d'une  quantite  constante  de  20°  a  25°,  par  exemple,  la 
temperature  exterieure,  la  vitesse  d'evacuation  et,  par  conse- 
quent, le  volume  d'air  vicie  extrait  des  salles  peuvent,  en  tout 
temps,  rester  les  mSmes. 

C'est  ce  que  confirment  completement  les  observations  faites 
au  printemps  et  en  ete1. 

II  resulte  done  de  la  cette  premiere  consequence  que  les  dis- 
positifs  qui  procedent  par  insufflation  n'ont  sur  l'evacuation  re- 
guliere  de  l'air  vicie  qu'une  faible  influence,  et  qu'ils  ne  lui  don- 
nent  pas  en  toute  saison  l'energie  necessaire. 

INFLUENCE  DE  L'OUVERTURE  DES  PORTES  ET  DES  FENETRES. 

Dans  le  systeme  de  l'insufflation,  l'appel  exerce  par  la  che- 
minee generate  d'evacuation  n'ayant  souvent  qu'une  tres-faible 

Ces  resultats  oblenus  et  replies,  en  presence  de  parlisans  du  systeme  de  Tin- 
sufflation,  montrent  d'une  maniere  evidenle  la  part  considerable  de  l'aspiration 
nalurelle  dans  l'evacuation  de  l'air,  et  la  tres-faible  influence  du  ventilateur  sur 
1'elTet  obtcnu. 

Or,  \'6l6  Taction  du  ventilateur  resle  la  mume  que  l'hiver,  tandis  que  dans 
ces  pavilions  la  cheminee  d'tjvacualion  n*e"lant  pas  chauffee  arliticiellement,  l'exces 
de  sa  lemperalure  int<5rieurc  sur  cclle  de  l'air  exteYieur  sc  trouvanl  lres-diminu<$ 
on  memo  pregque  annuhS,  le  concours  de  la  venlilation  nalurelle  est  nkluil  a  fort 
peu  do  chose,  ce  qui  cxplique  comment,  dans  les  saisona  de  printemps,  d  ele  el 
d'dutomne,  l'evacuation  de  l'air  vicie  dcvienl,  tout  ;\  fait  insuftisanto.      A.  M. 

1.  Eludes  shi-  In  venlilation,  I"  vol.,  page  Ifii,  pour  les  experiences  oil  Texcis 
de  temperature  a  die  de  20°  h  25°,  el  I"  vol.,  p;igc  4G8. 
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energie,  il  en  resulte  qu'au  printemps  et  en  ete  l'ouverture  des 
portes  ou  des  fenetres  permet  a  l'air  nouveau  de  s'dchapper  di- 
rectement  par  ces  orifices,  au  lieu  de  se  diriger  vers  les  orifices 
d'^vacuation ;  et  des  lors  l'air  vicie  n'est  plus  extrait  des  salles 
avec  l'uniformite  necessaire  a  leur  assainissement. 

Mais,  en  outre,  il  se  produit  souvent  un  effet  bien  plus  lu- 
cheux  :  ce  sont  des  rentrees  d'air  vicie  qui,  par  suite  du  mouve- 
ment  d'entrainement  determine  par  le  courant  d'air  nouveau  vers 
les  portes  ou  les  fentMres  ouvertes,  redescend  des  cuiiduits 
d'evacuation  des  trumeaux,  et  peut  ainsi  passer  d'une  des  salles 
superieures  dans  les  salles  inferieures  qui,  au  lieu  d'etre  assai- 
nies,  se  trouvenl  de  nouveau  infectees. 

•  Ces  elfets  ont  ete  constates  de  la  raaniere  la  plus  nette  des 
4  856,  au  mois  d'avril,  par  MM.  E.  Trelat  et  H.  Peligot1,  et  consi- 
gnees dans  un  rapport  adresse"  par  eux  a  1'administration.  lis  ont 

1.  Les  experiences  de  M.  E.  TreMat  et  H.  Peligot  ont  donnd  les  rdsultats  com- 
parand suivants,  le  7  avril  1  8.r>G.  Elles  ont  did  failes  sur  six  orifices,  places  deux 
a  deux  vis-a-vis  l'un  de  l'autre,  sur  les  faces  nord  et  sud  du  pavilion  n°  4  de 
l'hopilal  Larlboisiere. 

Volumes  d'air  euacues  par  heure  par  les  orifices  de  la  salle  du  lcr  <!laijc. 


ORIFICE  N°  1. 


NORD. 


OIUFJCE  N3  5. 


N0RI). 


SUD. 


ORIFICE  N°  9. 


Nonn. 


SUD. 


VOLUME 
d'air  moyen 
cvacuc 

par  oriQce 
etparticurc. 


inc. 

115.00 


(♦)  52.19 
(♦)  61.42 


O  16.65 
(♦)  0.93 


Les  portes  et  les  feuotres  etont  fermces 
inc.    •  mc.         I      inc.        I  mc. 

118.00  |     112.00  |    106.00  |  104.00 

La  ii"  fenetre  nord  etant  ouvcrte. 
82.94  |  (♦)  99.39  |     50.05  |  077.94 

La  A'  fenelre  nord  et  la  !ie  sud  ctant  ouvertes. 
33.70  |  (♦)  32.37  |     55.61  |     33.37  |  21.08 

Les  4"  et  li"  fenetres  de  chaque  cole  etant  ouvertes. 


me. 

>>.00 


45.49 


(•)  38.30 
22.50 


(♦)  62.90 
D  3.14 


C) 36.07 
14.40 


16.10 
54.40 


(*)20.16 
34.20 


inc. 

113.00 


68.00 
39.42 


31.37 
20.17 


Les  signes  (*)  placed  h  gauche  des  volumes  d'air  dvaeues  indiquent  qu'il  y  a 
eu  souvenl  des  arrets  dans  la  marche  de  lu  ventilation.  Les  chiffrea  soulign&i  in- 
diquenl.  qu'il  y  a  eu  non-seulement  arr6t,  mais  refoulRment  el  renlrde  d'air  vieid 
venanf  des  aulrcs  dlagcs.  L'on  voil  quej  sur  les  six  oflfices  soumis  aiix  oxpir 
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recount!  que  l'ouverture  d'une  ou  de  deitx  fenetres  determinait 
des  arrets  complets  dans  1'evacuation  de  l'air  vicie  dans  les  con- 
duits, et  que  cede  de  quatre  fenetres  occasionnait  des  rentrees 
d'air  vicie  par  quatre  conduits  sur  six,  et  des  arrets  dans  les 
deux  autres. 

II  resulte  done  de  ces  experiences  que,  dans  le  systeme  exclusif 
de  I 'insufflation,  l'ouverture  des  portes  et  des  fenetres  trouble,  de  la 
maniere  la  plus  grave,  Vevacuation  de  l'air  vicie,  et,  comme  cette 
ouverturc  est,  dans  la  belle  saiso?i,  une  jouissance  dont  on  ne  petit 
songer  d  priver  les  malades,  et  meme  trop  souvent  une  ne'eessile,  les 
faits  precedents  constituent  tin  defaut  serieux  auquel  ce  systeme,  tel 
i/u'ila  ete  congu  et  execute,  ne  peut  echapper. 

A  l'inverse,  l'observation1  montre  que,  dans  le  systeme  dc  Ins- 
piration, l'ouverture  des  portes  et  des  fenetres,  au  lieu  de  trou- 
bler  et  de  diminuer  1'evacuation,  tend  a  la  regulariser  pour  tous 

riences,  il  y  en  a  eu  quatre  ou  les  deux  tiers  pour  lesquels  cet  elfel  s'est  produi I , 
quand,  sur  les  seize  fenfilres  qui  existent  dans  les  salles,  il  y  en  avait  seulemenl 
qualre  d'ouverles,  ce  qui  naturellement  arrive  frequemment  V&16. 

Les  consequences  que  MM.  E.  Trelal  et  H.  Pdligot  ont  tiroes  de  ces  expe- 
riences, ot  qui  sont  relates  ci-dessus,  sont  graves,  et  l'trfl  dea  partisans  les  plus 
pers6v6rants  du  systeme  de  l'insufllation  disait,  en  parlant  de  ces  rentrees  d'air 
vicie  :  «  Si  le  fait  exislait  reellemenl,  il  fuudrait  renoncer  au  syslerae,  car  il  est 
«  impossible  d'eviter  l'ouverture  tres-fr^quente  des  portes  et  quelquefois  des 
«  fenetres.  » 

Or  le  fait  exisle,  il  n'est  pas  conteste" ;  et  eependant  le  mfimc  observateur  n'a 
pas  hesit6  depuis  a  perseverer  dans  l'npinion  favorable  qu'il  avail  Praise  sur  le 
systeme  de  ('insufflation1  et  a  approuvcr  un  autre  disposilil'  analogue,  mais  bien 
inf£rieur  a  celui  de  l'hopilal  Lariboisiere.  L'on  peut  done  s'etonner  a  bon  droit 
de  la  preference  (pie,  dans  des  publications  assez  rdcentcs,  l'admiriistrulion  de 
1'Assistahce  publique  a  cm  pouvoir  accorder  aux  disposilifs  qui  procedenl  cxclu- 
sivement  pur  l'insulHation.  II  y  a  lieu  de  penser  que,  mieux  eclairde  par  les  dis- 
cussions qui  se  sont  produites  dans  le  sein  du  Comild  consullatif  d'bygiene  et  du 
service  medical  des  bopitaux,  cette  administration  ne  persisleia  pas  dans  cette 
opinion.  A.  M. 

1.  Les  experiences  dont  il  est  ici  question  out  ete  faites,  en  185G,  par 
MM.  E.  Trelat  et  II.  Peligot,  et  elles  sont  consignees  dans  un  rapport  adressd  a 
cette  epoque  a  fadniinisf ration  de  l'Assislance  publique.  Elles  ont  eu  pour  objet 
de  reconnattre  quelle  est,  dans  les  systeines  qui  procedent  simplemcnt  pur  aspi- 
ration, I'iniluence  de  Pouverlure  des  porles  et  des  I'cnelrcs. 

Les  rdsullats  suivanls  des  experiences  I'ailes  par  un  temps  do  pluie  cl  dd  grand 
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les  conduits,  et  augmente  parfois  lc  volume  de  l'air  vicie  extrait 
des  salles  dans  une  proportion  superieure  au  double  de  sa  va- 
leur  premiere. 

De  cette  comparaison,  il  resulte  done  que  le  systeme  de  l'as- 
piration  presente,  sous  les  rapports  de  la  regularity,  del'energie 
et  de  la  stabilite  de  l'evacuation  de  l'air  vicie,  une  superiorite 
incontestable  sur  le  systeme  exclusif  de  l'insufllation,  tel  qu'il 
est  organise  a  l'h6pital  Lariboisiere ;  cette  superiorite  ne  pro- 
vient  d*ailleurs  que  de  ce  que  le  dispositif  adopte  pour  produire 
en  tous  temps  une  aspiration  energique  permet,  comme  le  pres- 

vent  out  manifests  l'influence  de  la  simple  ouverture  des  porles  sur  l'aclivite'  de 
l'lvaeualion  de  l'air  par  lous  les  orifices  d'appel  d'une  meme  salle,  au  nombre 
de  neuf  sur  chaque  face. 


Volume  d'air  sorlant  par  heure  par  les  orifices  d'e'vacualion  d'une  sallc 
du  pavilion  n°  3,  vcntile  par  appel. 


NUMtiROS 

des 
ORIFICES. 

COTfi  SUD. 
Volume  d'air  sorlant  quand  la  porle 
etait 

COTtf  NORD. 

Volume  d'air  sorlant  quand  la  porle 
etait 

FBRHEE. 

OUVBHTE. 

KEHMEE. 

ODVERTE. 

J 

2 
3 
4 
5 
6 
7 
8 
9 

Moyenne  par 

inc. 
115.44 
56.55 
29.25 
184.08 
364.20 
277.00 
141.00 
J5S.00 
98.30 

mc. 
420.65 
346.50 
346.00 
479.50 
328.20 
337.25 
295.75 
311.50 
269.05 

mc. 

94.25 

92.00 
0.74  (*) 
139.46 
286.75 
388.50 
239.39 
108.78 

96.94 

11)0. 

430.10 
318.92 
306.00 
338.30 
255.00 
287.30 
306.00 
300.90 
262.48 

151.53 

370.49 

149.70 

311.66 

(•)  L'oridci!  n°  3  du  c6tc  nord  a  crideniment  fourni  un  resullut  anonnal  quand  la  porle  etait  ferrace. 

Les  consequences  de  ces  experiences  sont  evidenles,  il  est  inutile  de  les  indi- 
quer;  ct  Ton  voil  que  l'ouverturc  des  porles  dirainue  considerablement  les  ine- 
galitSs  qui  se  produisent  dans  l'evacuation  de  l'air  par  les  differents  conduits,  et 
qu'en  moyenne  elle  augmenle  le  volume  d'air  6vaeu6  par  la  clieminde  d'appel 
dans  le  rapport  de  1.00  a  2.»'(i. 

L'influence  de  l'ouverlure  des  lenetres  a  une  influence  analogue,  mais  moins 
niarqu6e,  parce  qu'alors  une  partie  de  1'eVacualion  se  fait  alors  par  la  partie  stipe"- 
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crit  la  theorie,  d'obtenir  dans  la  cheminee  d'evacuation  uno 
temperature  qui  surpasse  toujours  de  20  a  25  degres  celle  de 
1'air  ex'terieur \ 

En  hiver,  quoique  cette  difference  de  temperature  ne  soit  pas 
toujours  depasso^.,  le  volume  d'air  evacue  s'eleve  a  centet  a  cent 
vingt-cinq  metres  cubes  par  heure  et  par  lit. 

II  serait  facile  de  mettre,  sous  ce  rapport,  les  pavilions  nos  2, 
i,  6  de  l'hopital  Lariboisiere2  dans  des  conditions  aussi  favo- 

perieure  de  ces  larges  bancs.  C'est  ce  que  montrent  les  resultals  suivants  (leg 


experiences  des  memes  observaleurs  : 

PAVJLLON  N°  /. 

Volumes  d'air  evacuis  par  Vorifice  n°  2  en  line  heure. 

1.  Toutes  les  porles  et  les  fenSlres  ferm6es.  ...  116  metres  cubes. 

2.  Une  fen&Ire  n°  2  adjacente  ouverte   169  — 

3.  Les  deux  fenetres  adjacentes  ouvertes   170  — 

4.  Les  deux  fenetres  en  face  ouverles   169  — 

5.  Les  qualre  funolres  precedenles  ouverles.  .  .  .  163  — 

6.  Les  deux  fenQtres  n°  4  ouverles   162  — 

7.  Les  deux  fenetres  du  fond  de  la  salle  ouvertes.  156  — 

8.  Toutes  les  portes  et  les  fenetres  ferme'es.  .  .  .  118  — 


Dc  l'ensemble  de  ces  experiences  il  resulte  done  que  l'ouverlure  aceidentelle 
u  permanente  des  porles  ou  des  fenetre;?,  loin  de  troubler  l'(5vacuation  de  1'air 
vide1  dans  le  systeme  de  Inspiration,  l'active  &  un  degre  Ires-sensible,  landis  que 
l'effet  contraire  se  produil  dans  le  systeme  exclusil  de  rinsufflalion. 

H  s'ensuit  que  dans  le  jour,  quand  le  temps  est  cbaud,  la  simple  ouverlure  des 
porles  est  un  moyen  d'activer  et  m6me  de  regularise!'  la  ventilation  par  appel 
dans  toutc  I'elendue  des  salles. 

Quant  a  la  ventilation  de  nuit,  par  les  temps  le  plus  cbauds,  oil  il  convient 
cependant  de  lenir  les  porles  fermecs,  on  l'activerait  beaucoup  si  Ton  mimageait 
dans  les  salles  des  carneaux  d'introduction  de  1'air  analogues  a.  ceux  qui  le  con- 
dui'sent  aux  poolcs  et  qui,  ddboucharit  vers  le  plafond,  fourniraient  un  supplement 
d'air  considerable  a  la  ventilation  pour  laquelle  l'arrivfie  de  1'air  par  les  pofiles, 
dans  cette  saison,  n'est  pas  sufdsante. 

Cette  amelioration,  que  nous  avions  indiquee  des  1860,  n'est  pas  encore  intro- 
duce, el  Ton  continue  encore  a  atlribuer  au  syslemo  de  l'appel  les  consequences 
des  dispositions  incompletes  adoplees  par  M.  L.  Duvoir  des  deTauts  que  Ton  aurait 
pu  faire  disparailrc.  A.  M. 

1.  Etudes  Mr  la  ventilation.  Experiences  d'aulomne,  page  4  42.  Experiences  dc 
prinlemps,  page  164.  Experiences  d'eie,  page  468. 

2.  Eludes  .stir  In  ventilation,  {'■'  vol.,  page  162. 
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rabies,  pour  l'evacuation  de  Fair  vicie,  que  les  pavilions  np*  1 ,  3 
et  5  :  il  suffirait  pour  cela,  comme  votre  rapporteur  l'avait  indi- 
que,  des  1'annee  1860,  dans  le  Rapport  de  la  Commission  duchauf- 
fage  et  de  la  ventilation  des  nouveaux  bdtiments  du  Palais  de  Justice, 
de  disposer  a  la  partie  inferieure  de  la  cheminee  d'evacuation 
de  ccs  pavilions  un  appareil  de  chaufl'age  a  Feau  chaude  ou  a  la 
vapeur.  Mais,  quoique  cette  amelioration  facile  soit  desirable, 
il  ne  faut  pas  perdre  de  vile  qu'elle  accroitrait  la  depense,  deja 
bien  considerable,  faite  par  les  appareils  de  ces  pavilions  :  nous 
aurons  d'ailleurs  plus  tard  ;'i  revenir  sur  l'ensemble  des  perfec- 
tionnements  a  introduire  dans  les  deux  groupes  de  pavilions  de 
cet  h6pital. 

DES  RENTHEES  D'AIR  PRODUITES  PAR  [/ASPIRATION. 

L'on  reproche,  et  souvent  non  sans  raison,  aux  ventilations 
qui  procedent  par  aspiration,  de  determiner,  par  la  rentree  de 
Fair,  des  courants  fort  desagreables. 

Toutes  les  personnes  qui  out  assiste  aux  soirees  du  chateau 
des  Tuileries,  k  celles  de  l'H6tel-de-Yille,  ou  l'evacuation  de  Fair 
cbaud  et  vicie  se  fait  par  les  plafonds,  a  travers  des  rosaces  me- 
nagees  au-dessus  des  lustres,  ont  du,  en  effet,  observer  l'in- 
tensite  des  courants  d'air  (jui  se  produisent  par  les  portes  pour 
remplacer  Fair  vicie  par  les  orifices  superieurs.  Des  effets  analo- 
gues et  aussi  g£nants  s'observent  dans  tous  les  theatres  ventiles 
par  des  dispositions  semblables. 

Mais  ces  effets  desagreables  ne  proviennent  que  de  Fabsence 
de  dispositions  convenables  pour  assurer  la  rentree  de  Fair,  de 
telle  facon  qu'il  afflue  le  plus  loin  possible  des  personnes,  avec 
une  faible  vitesse  et  une  temperature  peu  differente  de  celle  que 
l'on  veut  maintenir  dans  les  salles  l. 

A  ces  dispositions,  toujours  faciles  a  prendre,  lors  de  la  cons- 
truction des  edifices,  il  faut  en  joindre  d'autres  qui  consistent  a 

1.  II  convienl  d'ajouler  k  oe  qui  precede  qu'un  inoyen  eriicace  de  diminuer 
encore,  pendant  l'hiver,  I'ineonventent  des  courants  d'air  froid  produils  par  l'ou- 
verture  dea  portes  cunsisir  a  disposer  dans  I'intervalle  des  doubles  port*  one 
bouche  do  chaleur  qui  y  maintienne  loujours  une  temperalure  nr.  peu  suporieure 
a  celle  des  salles.  A-  M- 
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chauffer  tous  les  abords  des  salles,  les  vestibules,  les  escaliers, 
fes  antichambres  qui  y  conduisent,  a  munir  les  entrees  de  dou- 
bles portes  tombant  d'elles-mfimes,  de  facon  qu'a  chaque  ouVer- 
ture  de  l'une  d'elles,  il  n'entre  dans  les  salles  qu'un  petit  volume 
d'air  k  une  temperature  egale  ou  meme  un  peu  superieure  a  celle 
de  la  salle. 

Ce  n'est  pas  ici  le  lieu  d'indiquer  les  proportions  des  orifices, 
speciaux  d'aeces  de  l'air,  il  nous  suffira  de  dire  qu'ils  doivent 
etre  aussi  nombreux  que  possible,  et  que  leur  surface  tofale 
libre  doit  etre  telle  que  lavitessede  l'air  affluant  atteigne  a  peine 
en  moyenne  0m,50  en  une  seconde  s'il  se  peut. 

Outre  l'inconvenient  de  produire  des  courants  d'air,  les  venti- 
lations par  appel,  imparfaitement  organisees,  Ont  celui  d'intro- 
duire  parfois  dans  les  salles  des  odeurs  desagreables,  telles  que 
celles  des  cuisines,  des  lieux  d'aisance,  etc.;  mais  il  est  evident 
que  cela  ne  tient  qua  ce  que  la  ventilation  particuliere  de  ces 
dependances  n'a  pas  ete  convenablement  assuree.  C'est  encore 
la  une  faute  du  constructeur  et  non  un  defaut  du  systeme3. 

L'exemple  des  amphitheatres  du  Conservatoire  des  Arts  et 
metiers,  ou  ces  precautions  et  ces  dispositions  ont  ete  adoptees 
depuis  deux  ans,  et  ou  on  n'eprouve  l'impression  d'aucun  cou- 
rant  d'air  genant,  quoique,  dans  l'un  d'eux,  il  circule  par  fois 
18000  metres  cubes  d'air  par  heure,  et  que  les  portes  y  soient 
frequemment  ouvertes,  prouve  que  l'inconvenient  reproche  a 
beaucoup  de  ventilations  par  aspiration  n'est  que  la  consequence 
des  mauvaises  dispositions  adoptees,  et  qu'il  est  facile  de  s'en 
preserver. 

Il  convient  d'ailleurs  d'ajouter,  comine  Font  fait  plusieurs  ob- 
servateurs,  que,  dans  le  systeme  de  I'insufflation,  ces  inconvt'- 
Qients  se  produisent  aussi  d'une  maniere  tres-sensible,  attendu 
tju'en  rcalite  l'evacuation  de  l'air  vicie  ne  s'y  fait,  pour  la  plus 
grande  partie,  que  par  aspiration. 

It  Le  moyen  le  plus  sur  d'eviler  que  les  mauvaises  odeurs  des  cuisines  ou  des 
lieux  d'aisances  ne  se  rfipandent  al'ioldrleur  des  b:\limeuls,  c'est  d'y  determiner, 
soil  par  des  foyers,  soil  a  I'aide  de  bees  de  gaz  ou  aulres  nioyens  de  cliautTage, 
un  appel  d'air  qui  y  fasse  alllncr  l'air  cxh-rienr  el  6vacue  l'air  interieur.  Cela  ne 
pr(5senle  presque  jamais  de  diflirull^. 
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DU  SYSTEME  DE  VENTILATION  PAR  INSUFFLATION  DU  Dr  VAN  MECKE. 

Toutes  les  consequences  que  nous  avons  deduites  de  la  discus- 
sion des  nombreuses  experiences  faites  sur  les  appareils  de  ven- 
tilation par  insufflation  de  l'h6pital  Lariboisiere1,  appareils  bien 
executes  dans  leur  genre,  sous  la  direction  d'ingenieurs  habiles, 
'sont  d  fortiori  applicables  a  ceux  que  M.  le  docteur  beige  Van 
Hecke  a  cherche  k  introduire  en  France  et  qu'il  a  installes  a 
Paris,  a  l'h6pital  Beaujon,  a  l'h6pital  Necker  et  au  Vesinet,  a 
l'Asile  imperial  de  convalescence. 

Les  dispositions  adoptees  par  ce  constructeur  pour  l'extraction 
de  l'air  vicie  sont  defectueuses  sous  plus  d'un  rapport.  Les  con- 
duits d' evacuation  ne  sont  presque  jamais  assez  nombreux,  il  n'y 
en  a  souvent  qu'un  ou  deux  par  salle.  lis  sont  eloignes  les  uns 
des  autres,  debouchent  tantdt  au-dessus  des  toits,  tant&t  dans 
Tinterieur  de  greniers,  et  sont  toujours  exposes  a  Taction  des 
vents  qui  refoulenl  dans  les  salles  l'air  vicie  et  m6me  l'air  froid 
exterieur  d'une  maniere  tellement  incommode  qu'il  n'est  pas 
rare  de  voir  les  orifices  de  ces  conduits  bouches  par  les  soeurs 
ou  par  les  malades.  Les  temoignages  recueillis  par  MM.  Raver 
et  Pelouze,  ainsi  que  par  voire  rapporteur  k  l'h6pital  Necker,  et 
par  M.  Laval  avec  le  rapporteur,  k  l'asile  du  Vesinet,  ne  laissent 
aucun  doute  k  cet  egard. 

Le  ventilateur  a  palettes  helicoidales  adopte  par  M.  le  docteur 
Van  Hecke  etait  connu  et  abandonne  depuis  longtemps  comme 
defectueux,  et  des  experiences  speciales  faites  au  Conservatoire 
des  arts  et  metiers  ont  montre  qu'il  est  inferieur  a  ceux  qui  sont 
en  usage  k  l'h6pital  Lariboisiere. 

Des  experiences  nombreuses  faites  par  votre  rapporteur  en 
presence  de  M.  Laval  et  du  docteur  Van  Hecke,  en  janvier  1861 , 
ont  montre  qu'a  l'Asile  imperial  du  Vesinet,  Taction  du  ventila- 
teur n'exercait,  quant  k  Tevacuation  de  l'air  vicie,  qu'une  in- 
fluence tout  k  fait  insensible.  En  observant,  en  effet,  les  volumes 
d'air  evacues  par  les  42  cheminees  de  28  salles  du  pavilion  F  de 
cet  hospice,  Ton  a  obtenu  des  resultats 2  qui  peuvent  se  resumer 
ainsi  qu'il  suit  : 

I.  Annates  du  Com  vvaloire,  n°  17,  186. 

Eludes  snr  In  ventilation,  par  A.  Morin,  Irr  vol.,  pages  504-505. 
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Pavilion  F.  —  Aile  gauche. 

lre  Serle.  —  Lc  ventilaleui'  fonclionnaM  scul.  Volume  lolal  evacue 

en  \"=  1183  lit.  CO  c. 
2C  Sdrie.  —  L'aspiralion  fonctionnanl  seule.  Volume  lotal  evacue 

en  I"  =  1253  lit.  39  c. 

Pavilion  F.  —  Aile  droite. 

lrc  Seiic.  —  Le  venlilateur  fonclionnant  seul.  Volume  tolal  evacue" 
en  1"  =  1201  lit.  90  c. 

2e  Sene.  —  L'aspiraticn  fonctionnanl  seule.  Volume  tolal  evacue" 
en  \"=  1137  lit.  54  c. 

Des  experiences  analogues  faites  en  avril  et  mai  4  861  par 
MM.  Leblanc  et  Ser  a  l'li6pital  Necker1,  dans  un  pavilion  ven- 
ule par  le  mfime  systeme,  ont  montre  qu'a  cette  epoque  le  ven- 
tilateur  ne  eontribuait  que  pour  1/9  ou  4/10  a  l'evacuation  de 
l'air  vicie,  qui  n'etait  ainsi  due  pour  la  plus  grande  partie  qu'a 
Inspiration  naturelle. 

CONCLUSION  RELATIVE  A  L'EVACUATION  DE  l'aIR  VICIE. 

De  l'enserable  des  resultats  d'experiences  dont  la  commission 
a  pris  connaissance  et  des  discussions  auxquelles  elle  s'estlivree, 
elle  a  deduit  la  conclusion  que  : 

Lex  divers  dispositifs  qui  procedent  par  aspiration,  lorsguils  sont 

I.  Etudes  sur  la  ventilation,  page  494.  Experiences  de  JIM.  Leblanc  el  Ser. 

Ccs  expenemnces  ont  indique  qu'au  prinlemps,  alors  que  le  chauffage  eMail 
Ires-moderc  et  la  temperature  exte>ieure  comprise  enlre  9°. 3  el  13°.0,  lc  vo- 
lume d'air  evacu<5  des  salles  du  pavilion  venliie  par  l'appareil  d'insutllalion  du 
Dr  Van-IIecke,  etaient : 

Par  le  concours  de  l'aspiralion  naturelle  el  du  venlilaleur  .  .  4  1 95  melr.  cub. 
par  heure  ou  23mc.70  par  lit. 

Par  1'aclion  seule  de  Inspiration  2G97  — 

En  tenant  compte  de  la  difference  des  temperatures  exlerieures  observecs  aui 
heures  oil  ces  experiences  sont  faites,  lc  volume  d'air  evacue  par  1'aclion  seule  de 
l'aspiralion  devrait  Glre  augmenie  dans  le  rapport  de  1.00  a  0.7  9  et  porie  a 
3415  metres  cubes,  de  sorle  que  la  part  du  venlilaleur,  dans  le  resuital 
oblcnu  lorsqu'il  fonclionnait,  n'etait  que  de  4195  —  34  15  =  780  nielres  cubes 
780 

ou  — --  =  0.185  du  volume  lotal  evacue.  A.  M. 

4195 
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bien  proportionnes,  satisfont  mieux  et  plus  surement  aux  conditions 
d'unifomnite  ct  de  stabilite  de  V evacuation  de  I'air  vicie,  que  ceux 
qui  procedcnt  exclusivement  par  insufflation  de  I'air  neuf. 

INTRODUCTION  DE  l'aIR  NOUVEAU. 

.  Cette  premiere  et  importante  partie  de  la  question  de  la  ven- 
tilation etant  resolue,  il  restaita  examiner  1'efl'et  des  differents 
systemes  au  point  de  vue  de  l'introduction  de  I'air  nouveau. 

Dans  celui  de  l'aspiration,  cette  entree  d'air  est  naturellement 
determinee  par  l'exces  de  la  pression  de  I'air  exterieur  sur  celle 
de  I'air  interieur  que  cette  aspiration  produit.  Mais  des  disposi- 
tions et  des  proportions  convenables  sont  necessaires  pour  que 
l'appel,  ainsi  cree,  soit  suffisant  etne  determine  pas  de  courants 
incommodes,  ainsi  que  nous  l'avons  deja  dit. 

La  plupart  des  constructeurs  qui  ont  elabli  des  appareils  de 
ventilation  par  appel  ne  se  sont  pas  assez  preoccupes  des  pro- 
portions qu'il  est  necessaire  d'adopter.  Pour  la  saison  d'hiver, 
ils  ont  pense  que  l'activite  donnee  a  l'introduction  par  la  cha- 
leur  des  poeles  a  eau  ou  a  vapeur,  a  travers  lesquels  I'air  nou- 
veau penetrait,  serait  assez  grande  pour  assurer  l'introduction 
de  I'air  en  volume  suffisant.  Cela  n'est  a  peu  pres  vrai  que  pour 
cette  saison,  et  l'expdrience  montre  qu'il  en  est  en  effet  ainsi  a 
l'bdpital  Lariboisiere,  par  exemple,  ou  votre  rapporteur  a  con- 
state, le  1 0  et  le  1 1  janvier  4  861 ,  que1,  par  des  temperatures  exte- 
rieures  de  —  5°  et  de  — 2°,  les  poeles  a  eau  cbaude  du  pavilion 
n°  3,  ventile  par  appel,  introduisaient  dans  les  salles  : 


ETABES. 

(0  JANVIER. 

H  JANVIER. 

metres  cttbet* 
2122 
191  1 
2097 

metres  cubes. 

2005 
1751 
2130 

6130 

5886 

6008  metres  cubes. 

I.  Etudes  sur  In  ventilation,  par  A.  Morin,  lcr  vol.,  pages  459  ct  suivantes. 


■   DE  CHAUFFAGE  ET  UE  VENTILATION.  i  1  I 

II  y  a  trente-deux  lits  dans  chaque  salle,  ou  quatre-vingt-seize 
on  tout  pour  les  trois  salles.  Par  consequent,  le  volume  d'air 
introduit  les  10  et  11  janvier  1861  etait,  en  moyenne,  de  62mc.58 
par  heure  ct  par  lit. 

Dans  ces  experiences,  on  a  remarque  des  differences  conside- 
rables entre  les  volumes  fournis  par  les  differents  poeles  d'une 
m£me  salle,  et,  comrne  ils  ont  tous  les  memes  proportions,  cela 
ne  peut  tenir  qu'a  quelque  defaut  dans  le  reglement  des  passages 
de  l'air,  ou  a  des  obstructions  accidentelles  des  conduits,  ce  qui 
devrait  etre  verifie  de  temps  en  temps'.  Quoi  qu'il  en  soit,  Ton 
voit  qu'abstraction  faite  de  plusieurs  dispositions  defectueuses 
des  appareils,  ils  peuvent,  l'hiver,  fournir  un  volume  d'air  de 
60  metres  cubes  au  moins  par  heure  et  par  lit,  a  une  temperature 
moderee,  qui  varie  de  30°  a  35°  environ. 

Cet  air  chaud  s'eleve  directement  vers  le  plafond,  comme  on 
peut  s'en  assurer  a  l'aide  de  ballons  legers;  il  s'etale  en  nappes 
horizontales,  redescend  et  vient  gagner  les  orifices  d'appel  places 
entre  les  lits,  produisant  ainsi  un  renouvellement  aussi  uniforme 
que  possible  de  Fair  dans  toute  la  salle.  Comme  il  entre,  en 
outre,  une  certaine  quantite  d'air  par  les  joints  des  fenetres  et  par 
ceux  des  portes,  il  en  resulte  evidemment  que,  merae  avec  les 
proportions  insuffisantes,  selon  nous,  adoptees  par  le  construc- 
teur,  la  ventilation  d'hiver  est.  assuree  quant  a  la  rentree  de  l'air 
nouveau  aussi  bien  que  pour  l'evacuation. 

Mais  il  ne  faut  pas  perdre  de  vue  que,  dans  cette  saison,  si 
l'introduction  a  lieu  par  les  poeles  plutdt  que  par  les  joints  des 
portes  et  des  fenetres,  c'est  1'effet  de  l'echauffement  de  ces  poeles 
qui  y  produit  une  aspiration  partielle  plus  energique  encore 
que  l'aspiration  generale.  Or,  des  que  la  saison  permet  de  dimi- 
nuer  l'intensite  du  chauffage  par  suite  de  l'elevation  de  la  tem- 
perature exterieure,  le  volume  d'air  ainsi  aspire,  qui  est,  comme 
on  le  sait,  proportionnel  a  la  racine  carree  de  l'exces  de  la  tem- 

1 .  Cetle  observalion  sur  les  d^fauls  particuliers  des  conduits  qui  amenent  l'air 
a  certains  poele3,  ainsi  que  sur  les  indgalit6s  des  efl'ets  observes  dans  des  pavil- 
ions oil  tout  parutt,  au  contraire,  semblable,  a  dl(5  faile  dos  18G0,  et  ia  necessity 
d'y  rem^dier  par  des  modifications  facilcs,  mais  n6cessaires,  avait  eli  indiqude. 
Jusqu'ici  I  on  ne  s'en  est  pas  occup6,  et  les  partisans  des  appareils  d'insufllation 
ont  continue  a  atlribuer  au  principe  de  l'aspiration  des  eflels  qui  ne  sont  que  le 
r£sultat  de  d^rauls  de  proportion  ou  d'entrelien  des  appareils  £tablis.      A.  M. 
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perature  dans  les  conduits  du  potMe  sur  celle  de  Fair  exterieur, 
doit  diminuer  aussi,  et,  des  lors,  les  monies  conduits  n'offrent 
plus  une  section  assez  grande  pour  dormer  passage  au  volume 
d'air  voulu. 

C'est  ce  que  montrent  les  experiences  faites  par  plusieurs 
observateurs  au  printemps  sur  les  memes  appaieils  et,  en  parli- 
culier,  celles  de  MM.  E.  Trelat  et  H.  Peligot,  laites  en  avril  48S61, 
et  celles  de  M.  Grassi. 

Ces  observateurs  en  ont  conclu,  d'une  maniere  generale,  que 
le  systeme  de  Inspiration  ne  pouvait  pas  assurer  convenable- 
ment  Introduction  de  Fair.  Mais,  si  cela  est  vrai  pour  les  appa- 
reils  etablis  par  M.  L.  Duvoir  a  l'hopital  Lariboisiere,  ce  defaul 
ne  tient  qu'a  1'insuffisance  des  proportions  des  passages  et  non 
pas  au  systeme  lui-meme.  On  en  trouve  la  preuve  dans  les  expe- 
riences de  M.  Trelat;  car  on  y  voit  manifestee  une  tres-grande 
irregularite  dans  les  volumes  fournis,  le  9  avril  1 856,  par  des 
poeles  des  m&mes  salles,  qui,  disposes  d'une  maniere  en  appa- 
rence  idenlique,  ont  donne,  les  uns  562mc.90,  —  530mc.00,  — 
6Mmc.<IO,  —  498mc.00,  —  567mc.OO,  —  442mc.00  par  beure,  et  les 
autres  seulement  'I76mc.00,  —  %Z0me.Q0,  —  96mo.60,  —  1l2mc.90, 
—  137mc.50,  etc.  Ces  differences  indiquent  des  defauts  de  pro- 
portion, des  obstructions  partielles,  qui  ne  saura;ent  etre  im- 
putes au  principe  meme  du  systeme. 

Si  tous  les  poeles  avaient  des  conduits  de  prise  d'air  suffi- 
sants,  aussi  libres  et  aussi  bien  disposes  que  les  premiers,  dont 
nous  venons  d'indiquer  le  produit  en  air  nouveau,  le  volume 
d'air  introduit  pourrait  meme,  au  printemps  ou  a  l'automne, 
s'elever  a  60  et  70  metres  cubes  par  beure  et  par  lit. 

Mais,  dans  Fete,  il  en  serait  sans  doute  autrement.  Or,  rien  ne 
s'oppose  k  ce  que,  d'une  part,  on  emploie  des  poeles  presentant 
des  passages  plus  larges  et  d'un  acces  plus  facile,  et,  de  Fautre, 
qu'on  menage  des  orifices  auxiliaires  de  prise  d'air  pour  cette 
saison.  Votre  rapporteur  avait  indique,  des  1860,  ce  genre  d'a- 
melioration  facile  a  realiser,  dans  le  Rappoi-t  sur  le  chav/fage  et  la 
ventilation  des  nouveuux  bdtiments  du  Palais  de  Justice,  page  80. 
On  lit,  en  effet,  dans  ce  rapport  :  «  Bien  que  la  ventilation  de- 

1.  Etudes  sur  la  ventilation,  par  A.  Morin.  Experiences  de  MM.  E.  Tibial  el 
H.  P$ligot,  l«  vol.,  page  i'lS. 
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«  mandee  par  les  conditions  du  marcbe  (60  metres  par  lieure  et 
«  par  lit)  soit  obtenue  et  mfime  depassee  avec  ces  appareils  (de 
«  M.  L.  Duvoir),  et  que  la  ventilation  de  jour,  pendant  l'ete, 
«  puisse  etre  doublee  par  la  seule  ouverture  des  portes  ou  de 
«  quelques  fenetres,  nous  pensons  que,  pour  les  nuits  d'ete  sur- 
«  tout,  une  ventilation  plus  abondante  est  necessaire.  Mais 
«  comme  pendant  la  nuit  il  ne  convient  pas  d'ouvrir  les  portes 
«  et  encore  moins  les  fenetres,  il  faut  menager  des  carnaux  spe- 
«  ciaux  d'arrivee  de  1'air  exterieur  qui,  a  cetle  epoque  de  l'annee, 
«  u'aurait  pas  besoin  d'etre  chauffe.  » 

Si  nous  nous  sonimes  etendus  longuement  sur  les  resultats 
observes  dans  les  pavilions  de  l'h6pital  Lariboisiere,  c'est  qu'ils 
ont  servi  de  texte  aux  critiques  qui  ont  ete  adressees  au  principe 
de  la  ventilation  par  appel,  et  que,  de  ces  resultats  particuliers, 
Ton  a  conclu,  fort  a  tort  selon  nous,  que  ce  systeme  n'assurait 
pas  convenablement  la  rentree  de  1'air  nouveau,  tandis  que 
i'ensemble  de  ces  memes  observations  devait  porter  seulement 
a  conclure  que  certaines  proportions  des  appareils,  certaines 
dispositions  etaient  insuffisantes  ou  defectueuses,  et  qu'en 
les  modifiant  on  arriverait  a  des  resultats  satisfaisants  en  tous 
temps. 

L'exemple  des  dispositions  adoptees  avec  succes  au  Conserva- 
toire des  arts  et  metiers  prouve  que  l'aspiralion  exercee  pour 
l'extraction  de  1'air  vicie  suffit  pour  assurer,  d'une  maniere  con- 
venable,  la  rentree  de  1'air  nouveau,  pourvu  que  Ton  menage, 
pour  cette  rentree,  des  orifices  d'un  acces  facile,  d'une  etendue 
libre  assez  grande  pour  que  la  vitesse  d'arrivee  n'excede  pas, 
s'il  se  peut,  0m.50  en  1"  et  situes  le  plus  loin  possible  des  per- 
sonnes. 

Nous  avons  vu  deja  plus  haut  quels  sont  les  moyens  d'eviter 
ou  d'attenuer  les  courants  d'air  resullant  des  ouvertures  des 
portes,  et  nous  nous  bornerons  ici  a  dire  que,  plus  les  orilices 
reguliers  d'admission  de  1'air  seront  nombreux,  grands  et  uni- 
formement  reparlis,  plus  ces  courants  seront  laibles  et  insen- 
sibles. 

Nous  ne  parlerons  pas  de  quelques  autres  dispositifs  adoptes 
dans  les  bopitaux  ou  dans  des  etablissements  ventiles  par  appel, 
parce  que  nous  nous  occupons  surtout,  dans  ce  rappoil,  de 
])ostu'  les  principcs  qui  doiveht  guider  les  ingenieurs  dans  l'eiude 
VI.  s 
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de  leurs  projets,  et  nous  allons  examiner  les  resultats  fournis 
par  les  appareils  d'insufflation  sous  le  rapport  de  l'introduction 
de  l'air  nouvean. 

INTRODUCTION  DE  l'.\IR  NOUVEAU  PAR  LES  APPAREILS 

d'insufflation. 

Nous  prendrons  encore  pour  terme  de  comparaison  Installa- 
tion faite  d'un  systeme  de  ce  genre  a  l'hopital  Lariboisiere  par 
d'habiles  ingenieurs,  qui  n'ont  rien  neglige  pour  en  assurer  le 
succes. 

On  sait  que,  dans  les  pavilions  nos2.  4  et  6  de  cet  h&pital,  l'air 
nouveau  doit  etre  refoule  dans  les  salles  a  l'aide  d'un  ventilateur 
place  dans  les  caves  et  mis  en  mouvement  par  une  machine  a 
vapeur  de  la  force  de  sept  a  huit  chevaux. 

prise  d'air  a  une  certaine  hauteur  au-dessus  du  sol. 

Cet  air,  aspire  par  le  ventilateur,  afflue  dans  la  chambre,  qui 
contient  cet  appareil  ainsi  que  la  machine  a  vapeur,  par  une 
cheminee  m&iagee  dans  le  clocher  de  la  chapelle,  et  est  ainsi 
puise  a  une  assez  grande  hauteur  au-dessus  du  sol. 

L'on  esperait,  par  cette  disposition,  l'obtenir  plus  pur,  et  Ton 
se  flattait  meme  que  l'ete  il  serait  plus  frais  que  de  l'air  pris  a 
une  moindre  hauteur.  Mais,  d'une  part,  il  est  difficile  dans  l'etat 
actuel  d'empficher  qu'une  partie  de  l'air  aspire  par  le  ventila- 
teur ne  lui  soit  fournie  par  les  pieces  voisines  de  la  chambre 
qui  le  contient,  mSme  quand  les  portes  sont  fermees  et  a  plus 
forte  raison  quand  elles  sont  ouvertes.  C'est  ce  qu'ont  montre 
les  experiences  de  M.  Grassi  ',  aussi  bien  que  celles  de 
MM.  E.  Trelat  et  H.  Peligot2.  Le  premier  a  trouve  que,  quand 
toutes  les  portes  sont  fermees,  le  rapport  du  volume  d'air  fourni 
au  ventilateur  par  la  cheminee  d'appel  au  volume  d'air  total 

1.  Etudes  sur  Ij  ventilation,  par  A.  Morin,  ler  vol.,  pages  359  ct  suivautes. 

2.  Etudes  sur  la  ventilation,  pages  3G1  et  suivantcs. 

M.  Grasii  ,  dans  \cs  Ann  tLs  d'liygiiine,  (ome  VI,  p  ige  22 1 ,  resume  ainsi  qu'il 
suiJ  les  resullals  de  ses  observations  : 

«  Toutes  les  porles  et  les  fenetres  de  la  chambre  des  machines  6tant  fermees,  le 
volume  de  l'air  qui  passe  par  le  tuyau  porte-vent  ou  artere  principale  6tant  repre- 
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debite  par  l'appareil  n'etait  que  de  0,562.  M.  E.  Trelat  a  obtenu, 
pour  le  meme  rapport,  0,63.  La  proportion  devient  beaucoup 
plus  foible  et  descend  a  0,23  et  a  0,34  quand  il  y  a  des  portes 
ouvertes,  ce  qui  arrive  necessairement  assez  souvent. 

Par  consequent,  l'air  aspire  par  la  cheminee  de  prise  est  tou- 
jours,  dans  le  ventilateur,  melange  avec  une  proportion  plus  ou 

sente"  par  1 .00,  celui  qui  arrive  par  la  cheminee  d'appel  est  0.562,  celui  qui  arrive 
par  les  ouvertures  accidentelles  ou  venant  des  eaves  est  0.438. 

<■  La  porte  n°  1  etanl  seule  ouverle,  le  volume  qui  passe  par  la  cheminee  n'est 
plus  que  0.229,  et  celui  qui  vienl  des  caves  est  0.77  1  du  volume  total.  » 

L'auteur  en  conelut  que  tout  l'air  qui  circule  dans  le  luyau  porle-vent  et  qui 
est  envoye'  aux  salles  n'est  pas  pris  int£gralement  a  la  partie  superieure  du 
clocher  et  que  pres  de  la  moilid  est  puisne  direcleinent  dans  les  caves  en  se  placant 
dans  les  circonstances  les  plus  favorables,  c'est-a-dire  quand  toules  les  portes  sont 
ferme'es. 

Par  des  observations  analogues,  MM.  E.  Trelat  et  H.  PeUigot  ont  trouvt§  des 
re"sultats  qui  les  ont  conduits  aux  conclusions  suivantes  : 

1°  Toutes  Irs  portes  et  les  fenllres  e'tant  fermtSes,  l'air  qui  arrive  par  la  che- 
minee est  les  0  63  de  celui  qui  est  envoys  par  le  ventilateur  dans  le  conduit 
principal;  l'air  fourni  par  les  ouvertures  accidentelles  en  est  les  0.37. 

2°  La  porte  n°  1  des  chaudieres  etant  ouverte,  l'air  qui  arrive  par  la  cheminfie 


est  les  •   0.34 

L'air  qui  est  fourni  par  les  ouvertures  accidentelles  est  les   0.66 

Du  lout   1.00 

3°  La  porte  de  la  communaute'  n°  2  6tant  ouverte,  l'air  qui  arrive  par  la  che- 
minee est  les  ,  •   0.43 

L'air  fourni  par  les  ouvertures  accidentelles  est  les   0.57 

Du  tout   1.00 

4»  Les  deux  portes  6tant  ouvertes,  l'air  qui  arrive  par  la  chemine'e  est 

les.  J  ............  .  0.245 

Et  celui  qui  afflue  par  les  ouvertures  accidentelles  est  les   0.755 

Du  tout   1.000 


L'on  est  parvenu,  dans  cesderniers  temps,  k  eviter  l'inlroduction  de  l'air  des  caves 
dans  le  ventilateur  en  elablissant  de  la  base  de  la  chcininee  aux  orifices  cenlraux 
de  eel  appareil  un  conduit  direct  qui  interdil  toute  communication  avec  l'air  de 
la  chambre  des  machines.  Cette  disposition  assez  difficile  a  r^aliser  pourra  en  effet 
£vitcr  I'inconvenicnl  signal^,  mais  elle  aura  pour  consequence  d'augmenter  un  peu 
la  ennsommation  de  force  motrice,  et  ne  fera  pas  disparaitre  l'inconvenient  grave 
pendant  I'eld  et  inherent  h  l'emploi  des  vcntilaleurs  d'augmenter  la  temperature 
de  l'air,  et  dont  il  sera  parie  dans  une  note  suivante.  A.  M. 
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moins  grandc  d'air  moins  pur  venanl  des  caves  el  dela  chambre 
des  macliines. 

•  D'une  autre  part,  l'ete,  cet  air  puise  a  25  metres  environ  au- 
dessus  du  sol,  loin  d'etre,  comme  on  l'a  pretendu,  plus  frais 
que  cclui  qui  serai t  pris  a  quelques  metres  seulernent,  est,  au 
contraire,  plus  cliaud;  il  s'echauffe  encore  necessairement  en 
passant  dans  la  chambre  des  machines,  et  par  le  ventila- 
teur1.  Ce  dernier  resultat  a  ete  constate,  le  14  avril  1856,  par 
MM.  E.  Trelat  et  H.  Peligot,  qui  out  trouve  que,  l'air  etant  a  la 
base  de  la  cheminee  du  clocher  a  la  temperature  de  14°,  celui 
qui  sortait  du  ventilateur  etait  a  19". 

De  miSrae,  le  22  aout  1861,  nous  avons  observe  que,  la  tempe- 
rature exterieure  au  nord  et  pres  du  sol,  a  c&te  de  la  chapelle, 
etant  de  21°, 50,  celle  de  l'air  affluent  par  la  cheminee  etait  de 
22°,  et  celle  de  l'air  affluent  dans  les  salles,  de  24°. 

Ainsi,  non-seulement  l'air  fourni  par  cette  prise  d'air  elevee, 
apres  avoir  passe  par  le  ventilateur,  est  toujours  melange  d'une 
proportion  considerable  d'air  puise  dans  les  caves  frequenlees 
par  des  ouvriers,  mais  encore,  l'ete,  il  est  plus  cliaud  que  celui 
qui  serait  pris  a  quelques  metres  au-dessus  du  sol2. 


I .  Etudes  sur  la  ventilation,  par  A.  Mm  in.  ltr  vol.,  page  147. 
M.  Uccqucrcl  'p^re,  Jans  ses  recherches  rtScenles  I'ailes  avec  le  thermometrc 
tSlectrique,  a  oblenu  les  riisultals  suivanls  : 


MO  IS 
de  1860-  1861. 

TEMPERATURE  MOYENNE  DE  L'AIR 

au  uoni  a  l'ubri 
de    la  radialioti 
solairc. 

a  16,n  au-dessus 
du  sul  a  la  radiation 
sul aire. 

a  21m  au-des>us 
du  sol  a  la  suiTuoe 
d'uii  gros  arbre. 

Septembrc,  —  Octobre,  —  Norembre. 
Decembrc, —  Janvier,  —  Fevrier.  . . 

17°  .71 
11  .14 

3  .26 

17"  .85 
12  .02 
3  .45 

17°  .97 
12  .13 
3  .06 

Des  observations  directes,  faites  le  22  aofit,  a  4  heures  30  minules  de  l'apres- 
midi,  ont  indiqui!  les  temperatures  suivantes,  a  1'hSpilal  mfime  de  Lariboisiere  : 


A  l'cxtfirieur,  au  nord,  pres  de  la  chapelle   21°. 50 

Sous  les  voutes  du  soinmet  de  la  lour   22°. 00 

Au  bas  de  la  clieminde  a  son  debouclui   22°. 00 

A  l'arrivee  de  l'air  dans  les  salles   24°.00 

2.  Mais  outre  l'crreur  de  physique  commise  au  sujet  des  prises  d'air  a  une 
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Les  avantages  attribues  a  ce  mode  de  prise  d'air,  que  Ton 
croyait  exclusivement  realisable  par  l'emploi  d'appareils  meca- 
niques  d'insufflation,  ne  sont  done  pas  aussi  completement  ob- 
tenus  qu'on  le  pensait;  mais  il  convient,  en  outre,  d'ajouter  que 
le  systeme  de  ventilation  par  appel  permet  tout  aussi  bien  de 
puiser  1'air  nouveau  dans  l'atmosphere  a  telle  hauteur  qu'on  le 
desire,  et  comme  cet  airjpeut  alors  etre  admis  dans  des  caves 
completement  closes,  oil  personne  n'a  besoin  de  penetrer,  il 
s'ensuit  qu'il  serait  a  la  fois  plus  pur  et  moins  echauffe  que  dans 
le  systeme  ou  Von  a  recours  a  des  appareils  mecaniques. 

L'exemple  des  mines  de  houille,  deja  cite,  ou  l'air  descend, 
par  Taction  de  l'appel,  a  des  profondeurs  de  300  a  400  metres, 
celui  de  l'h6pital  de  Guy,  a  Londres,  oil  l'air  est  puise  dans  l'at- 
mosphere a  29m.00  au-dessus  du  sol,  prouvent  que  le  systeme 
de  l'aspiration  peut  aussi  jouir  de  la  meme  facilite. 

Nous  devons  ajouter  que,  si  les  prises  d'air  au-dessus  du  sol 

certaine  hauteur  par  les  partisans  do  l'insufflalion,  ils  en  ont  fait  une  autre 
plus  grave  au  point  de  vue  purement  me'eanique.  11  est,  en  effet,  bien  reeonnu 
que  le  passage  seul  de  l'air,  a  travers  un  venlilateur  en  marche,  suffit  pour  aug- 
menter  notablement  sa  temperature. 

Le  fait  a  6t6.  constats,  sans  explication  et  abstraction  de  toute  consideration 
scientifique,  par  MM.  E.  Tr6lat  et  H.  Peiigot,  qui  ont  observe,  le  14  aoftt  1856, 
les  temperatures  suivanles,  a  l'h6pital  Lariboisiere  : 


Dans  des  experiences  rficentes  faites  sur  un  venlilateur  qui  produisail  dans 
l'air  une  augmentation  de  pression,  mesurec  par  une  colonne  de  0m.05  d'eau, 
l'eievation  de  temperature  de  l'air  a  ete  de  14°. 

L'eehauffement  de  l'air,  a  son  passage  par  le  venlilateur,  ticnl,  dans  l'h6- 
pital  Lariboisiere,  a  deux  causes  :  La  premiere  est  la  presence  de  la  machine  fi 
vapeur  molrice  dans  la  meme  piece  que  le  venlilateur;  on  pourrait  l'eviler  dans 
d'aulres  installations  en  isolant  res  deux  appareils ;  la  seconde,  qui  se  produirait 
parloul,  e?l  la  compression  detcrminee  par  le  venlilateur  lui-mAme  sur  l'air  qu'il 
refoule  et  la  transformation  en  chaleur  du  travail  moteur  necessaire  a  cet  cffel. 
Ces  cffcls  sont  inevitables  el  d'aulanl  plus  sensiblcs  que  le  venlilateur  marclie 
plus  vile  el  augtncnle  davanlage  la  pression  de  l'air.  Cela  eonstitue  pour  la  saison 
d'ete  un  inconvenient  grave  du  svsleme  de  la  vcnlilation  par  insufflalion.  I^cs  par- 
tisans de  rp,  svsleme  sont  completement  en  desaccord  en  rela  avec  le  principe  de 
la  Iransformalion  du  travail  en  chaleur,  A.  M. 


Pres  du  sol  et  a  l'ombre. 
A  la  base  du  clocher.  .  . 
A  la  sortie  du  ventilateur 
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n'oiit  pas  tous  les  avantages  qu'on  leur  a  attribues,  elles  n'en 
sont  pas  moins  tres-convenables  dans  beauconp  de  cas,  parce 
qu'elles  sont  a  l'abri  des  emanations  qui  peuvent  se  produire  a 
la  surface  du  sol  ou  dans  les  parties  inferieures  des  batiments, 
par  accident,  par  negligence  ou  par  malveillance. 

DU  VOLUME  D'AIR  NOUVEAU  FOURNI  DANS  LES  SALLES. 

L'action  d'un  venlilateur  energique  bien  etabli,  corarae  ceux 
qui  existent  a  l'hdpital  Lariboisiere,  est  ceilainement  un  moyen 
de  faire  arriver  dans  un  lieu  determine  un  volume  d'air  parfois 
considerable.  Dans  les  galeries  de  mines,  dans  le  percement  des 
tunnels,  oil  il  n'est  pas  toujours  possible  d'etablir  une  circu- 
lation naturelle  de  l'air,  ces  appareils  peuvent  6tre  d'un  grand 
secours. 

Mais  il  faut  eviter  de  se  faire  illusion  sur  l'effet  des  appareils 
de  ce  genre  et  des  autres  machines  soufflantes,  et  surtout  il  ne 
faut  pas  admetlre,  comine  l'ont  fait,  dans  ces  derniers  temps, 
quelques  ingcnieurs  qui  se  sont  occupes  de  la  question  de  ven- 
tilation, que  le  volume  d'air  refoule  a  1  origine  des  conduits 
arrive  necessairement  en  entier  dans  les  salles.  L'exislence  ine- 
vitable de  joints  nombreux,  et  surtout  la  porosite  des  macon- 
neries  permeltent  a  l'air,  legeremenl  comprime  dans  les  cun- 
duits,  de  s'echapper  a  l'exterieur  dans  une  proportion  d'autant 
plus  considerable  que  les  conduits  sont  plus  longs,  et  il  arrive 
meme  parfois  qu'il  n'en  parvient  presque  point  a  leur  extremite. 
L'exemple  ancien  d'une  forge  elablie,  a  la  fin  du  Steele  dernier, 
par  le  celebre  Wilkinson,  et  cite  par  voire  rapporteur,  en  est 
une  preuve.  L'impossibilite  de  maintenir  la  pression  produile 
par  des  machines  soufflantes  puissautes  dans  des  regulateurs 
en  maQonnerie  fails  avec  le  plus  grand  soin  et  meme  dans  des 
recipients  en  metal,  les  experiences  recentes  par  lesquelles 
M.  H.  Deville  a  montre  que  les  tubes  en  biscuit  de  porcelaine, 
que  les  inelaux  memes  sont  perm^ables  aux  gaz,  tous  ces  exem- 
ples,  enfin,  pro u vent  que,  dans  les  conduits  destines  a  laisser 
circuler  de  l'air  sous  une  ccrtaine  prtssion,  il  se  fait  necessaire- 
ment des  pertes  plus  ou  moins  considerables. 

Les  ingcnieurs  qui  out  admis  que  tout  le  volume  fourai  par 
les  venlilateurs  de  l'hdpital  Lariboisiere  arrivait  necessaiienieul 
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dans  les  salles,  et  qui  ont  ete  ainsi  conduits  a  estiraer  a  90,  a 
100  metres  cubes  et  m6me  plus  haut  le  volume  d'air  nouveau 
introduit  dans  ces  salles  par  heure  et  par  lit,  sont  done  tombes 
dans  une  erreur  grave. 

Les  observations  directes  faites  au  debouche  des  poeles  leur 
montraient  cependant  qu'entre  le  volume  found  par  le  ventila- 
teur  etcelui  qui  arrivait  reellement  par  ces  poeles  il  j  avait  une 
difference,  un  dechet  notable,  qui  reduisait,  pendant  l'hiver  et 
au  printemps,  le  volume  d'air  nouveau  reellement  admis  a  60 
ou  70  metres  au  plus  par  beure  et  par  lit,  quand  la  machine 
marchait  a  70  ou  80  tours  par  minute. 

Mais  il  ne  taut  pas  oublier  que,  pendant  la  saison  du  chauf- 
fage,  l'elevation  de  la  temperature  d'une  partie  des  conduits  et 
surtout  celle  des  poSles  que  traverse  l'air  avant  de  penetrer  dans 
les  salles,  contribue,  dans  les  pavilions  2,  4,  6,  ventiles  par 
insufflation,  comme  dans  les  pavilions  1 ,  3,  5,  ventiles  par  appel, 
a  determiner  l'introductiun  de  l'air,  et  concourt,  avec  le  venti- 
lateur,  a  l'effet  oblenu. 

Des  experiences  speciales  faites  par  votre  rapporteur,  et  d'au- 
tres  dues  a  M.  l'ingenieur  de  l'Assistance  publique  pour  recon- 
naitre  quelle  etail  en  realite,  dans  les  effets  produits,  la  part  du 
ventilateur  et  celle  da  I'aspiration  determinee  par  la  chaleur  des 
poeles,  out  conduit  aux  resultals  consignes  dans  le  tableau  sui- 
vant,  que  nous  reproduisons  ici,  parce  qu'ils  se  rapportent  a 
l'uu  des  points  les  plus  conlroverses  de  la  question. 
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On  fera  remarquer  que,  dans  les  experiences  executees  le 
15  decembre  4863  et  le  5  janvier  1864,  la  machine  marchait  a 
des  vitesses  comprises  entre  85  et  89  tours  en  1',  tandis  que, 
dans  celles  de  janvier  1861,  la  vitesse  n'etait  que  de  70  a  74 
tours. 

D'une  autre  part,  le  15  decembre  1863,  lorsque  M.  l'ingenieur 
de  l'Assistance  publique  a  opere,  la  temperature  exterieure  etait 
superieure  a  5°  et  la  vapeur  ne  circulait  dans  aucun  des  poeles 
des  salles,  ce  qui  tendait  evidemment  a  diminuer  notablement 
les  effets  de  Inspiration. 

Malgre  ces  deux  circonstances  reunies,  qui,  dans  t'experience 
de  M.  l'ingenieur  de  l'Assistance  publique,  concouraient  a  di- 
minuer l'influence  de  Inspiration,  sa  part  proportionnelle,  dans 
le  volume  d'air  total  introduit,  ne  s'en  est  pas  moins  elevee 
a  0,46. 

Ce  qui  prouve  d'ailleurs  que,  dans  la  saison  froide,  Inspira- 
tion a  une  influence  notable  sur  l'introduction  de  l'air  par  les 
poeles  de  ce  systeme  rle  ventilation,  c'est  qu'au  mois  de  mars  et 
d'avril,  par  une  temperature  exterieure  de  14°,  et,  par  conse- 
quent, par  un  chauffage  tres-moddre  ou  peut-etre  nul,  lorsque 
la  machine  marchait  a  63  ou  70  tours  en  4',  le  volume  d'air 
fourni  par  les  pofiles  n'etait  plus  que  de  50mc,59  a  41mc,75  par 
heure  et  par  lit  (experiences  inedites  de  MM.  Leblanc  et  Ser, 
28  mars  et  16  avril  1861),  et  que,  le  20  avril,  il  s'est  abaisse  a 
40mc,000,  parcrj  que,  dans  ces  circonstances,  l'effet  de  inspira- 
tion etait  considerablement  diminue  par  la  cessation  du  chauf- 
fage des  pofiies 

I .  Remarque  sur  la  mode  d 'observation  a  suivre  pour  de'terminer  le  volume  d'air 
fourni  par  des  orifices  ou  des  touches  de  poMc.  —  Quelques  observateurs,  peu 
familiarises  avec  les  circonstances  du  mouveincnt.  des  fluides  pour  determiner 
les  volumes  d'air  introduils  dans  des  locaux  ventil6s,  se  sont  contends  de  pre- 
senter, au-dessus  des  grilles  que  eet  air  traverse,  un  an6mometre,,  dont  les  in- 
dications, plus  on  moins  variables  selon  la  position  oil  il  6lait  place\  leur  servail 
a  determiner  une  vitesse  qu'ils  prcnaient  pour  celle  de  l'e\;oulcment.  Cette  m6— 
lliode  est  completemcnlcrron<;e  et  ne  peut  conduire  qu'ades  appreciations  fausses. 
Pour  obtenir  aussi  ex;iclemcnt  que  possible  la  vitesse  et  lc  volume  de  l'air  in- 
troduit, il  convicnl  de  placer  au-dessus  ou  au-devant  des  orifices  d'arrivtSe  un 
luyau  ;'i  contours  continue,  lerinine  par  une  partio  cylindrlque  de  Om,6'0  a  0m,70 
de  longueur,  prdsentant  uno  section  de  passage  au  moins  £gale  en  superflcie  n 
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Tous  ces  faits  justifient  done  cetle  conclusion  parl'aiternenl 
con  forme  aux  principes  de  la  science,  que  plus  la  temperature 
est  basse  et  exige  un  chauffage  actif  des  poeles,  plus  Inspiration 
produite  par  la  difference  des  temperatures  contribue  a  l'intro- 
duction  de  l'air  par  les  poeles  des  salles;  et  qu'i  l'inverse,  dans 
la  belle  sai?on,  pour  obtenir  l'introduction  d'un  mfime  volume 
d'air,  il  faut  accelerer  d'autant  plus  lavitesscdu  ventilateur  qu'il 
fait  plus  chaud  a  l'exterieur,  ce  qui  conduit  a  une  depense  plus 
considerable,  a  laquelle  le  resultat  obtenu  n'est  d'ailleurs  pas 
proportionnel1. 

CONCLUSIONS  RELATIVES  a  L'lNTRODUCTION  DE  l'aIR  NOUVEAU 
DANS  LES  SALLES. 

Si  l'on  remarque  que,  dans  les  pavilions  dont  il  est  actuelle- 
rnent  question,  Taction  cependantsi  manifeste  de  l'aspiration  ne 
se  produit  qu'en  faisant  circuler  l'air  dans  de  longs  conduits, 
qui  seraient  en  tres-grande  partie  supprimes  si  la  ventilation  se 
faisait  simplement  par  appel,  Ton  en  conclura  avec  votre  Com- 
mission que  :  l'introduction  de  l'air  neuf  en  quantite  determined  et 
In  prise  de  cetrair  a  telle  hauteur  qu  on  le  juge  convenable,  peuvent, 
au  moyen  de  bonnes  dispositions,  etre  aussi  bien  assure'es  par  les  ap- 
pareils  qui  procedent  par  aspiration  que  par  les  moyens  mecaniques. 

OBSERVATIONS  RELATIVES  AUX  AI'PAREILS  DU  DOCTEUR  VAN  HECKE. 

Cette  conclusion  ,  deduite  d'observations  et  d'experiences 
nombreuses  faites  sur  les  appareils  d'insufllation  les  mieux  com- 

l'air  libre  de  la  grille.  On  place  l'andmouietre  dans  le  tuyau  cylindrique  aOm,lO 
ou  0m,  1 5  de  son  e\tr6mit£,  el  Ton  y  observe  la  vitesse  moyenne  de  l'air  a  l'aide 
de  net  instrument.  A.  M. 

].  Nous  ne  poss(5dons  aucune  experience  sur  les  volumes  d'air  fourni  pendant 
1'eHe"  par  les  pofiles  des  appareils  venlilateurs  par  insufflation.  La  raison  en  est 
que  dans  celte  saison  l'on  ouvre  les  f'enetres  pendant  le  jour,  ce  qui  sufflt  large- 
ment.  Mais  il  ne  devrait  pas  en  etre  de  m6me  pendant  la  nuit,  et  cependant  e'est 
ce  qui  arrive  trop  souvent  par  h&Jtttftfi  et  malgre  les  ordres  conlraires.  Je  m  en 
suiB  assur6  person nellement.  Les  grandes  porles  des  sallcs  communiquaut  avec 
les  escalieis  sont  d'ailleurs  ouverlea  d'une  uianiere  permaneute  dans  cetle  saison, 
el  comme  l'aspiration  agit  foi  l  pcU  sur  l'evacualion,  la  marclie  de  la  VenlilatioB 
i  si  alors  coinpleTement  troubloe.  A.  M. 
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bines  qui  aienteteconstruits,  est  a  fortiori  plus  exacte  en  ce  qui 
concerne  ceux  que  le  docteur  Van  Hecke  a  etablis  a  l'h6pital 
Necker  et  a  l'Asile  imperial  du  Vesinet. 

Si  les  experiences  dont  nous  avons  rapporte  plus  haut  les  re- 
sultats  generaux  out  montre  que,  dans  ce  dernier  etablissement, 
l'action  du  ventilateur  sur  l'evacuation  de  l'air  vicie  est  sensi- 
bleraent  nulle,  il  en  est  encore  a  peu  pres  de  meme  pour  l'intro- 
duction  de  l'air  neuf. 

En  ellet,  des  experiences  speciales,  executees  le  19  janvier 
1861  3,  ont  fait  voir  que  le  volume  d'air  total  introduit  dans  la 


.1.  ttudes  sur  la  ventilation,  par  A.  Morin,  ler  vol.,  p.  613. 


Experiences  faites  le  19  janvier  1861,  d  l'Asile  imperial  du  Vesinet,  sur  les  volumes  d'air 
introduits  dans  les  chambres  du  calorifere.  .i 


DESIGNATION 
des 

ORIFICES. 


ao  .  lateral.  ,  .  . 
bilateral.  .  .  . 


-  .du  ventilateur. 
5  (du  ventilateur. 


—  £ 
a  -z 
f-  J 
-<  — 

CS  -« 

a  - 


9",0 
9",0 
9",0 
9",0 


DIMENSIONS 
des 
ORIFICES. 


m.q. 

0,485x0,64=0,314 
0,50  x0,60=0,30O 
0.80  X0,60=0,!00 
0,50  X0,60=0,300 


DEliXIEME  SEME. 
APPEL  SEUL. 


f-  = 


910 

900 
226 
250 


m. 

1,66 

1,65 

0,47 

0,50 


Volumes  totaux. 


m.c. 
0,5158 
0  4950 
0,1441 
0,1500 


1,3044 


TROISIEME 
VENTILATECR 


SEME. 
ET  APPl-L, 


595 
618 
718 
924 


1.21 
1,24 
1,19 
1,50 


E  3 
21 


m.c. 
0,3755 
0,3720 
0,3670 
0,4560 


1,5545 


Examen  des  resullals  consignis  dans  ce  tableau.  —  La  valeur  des  volumes  tolaux 
d'air  introduits  dans  la  chambrc  a  air  monlre  d'abord  que,  pour  l'inlroduclion  de 
l'air  dans  la  chambre  du  calorifere,  le  ventilali'ur  n'a  guere  plus  d'influencc  que 
pour  l'ensemblede  la  venlilalion,  puisque  Paspiralion  seule,  mfme  dans  les  condi- 
tions tres-deTavorables  dans  lesquelles  clle  agissait  en  partie,  aproduil  un  volume 
d'air  de  lmc,3044  qui  est  les  0,84  du  volume  introduit  par  Taction  simultan6e 
du  ventilateur  el  de  1'appel,  et  le  rdsullal  aurait  encore  6t&  plus  favorable  k  Tac- 
tion de  Tappel,  si  les  orifices  lateYaux  avaient  6\6  suflisammenl  grands  pour  dis- 
penser d'en  laisser  arriver  par  les  conduits  du  venlilateur. 

C'est  ce  qui  est  rendu  evident  dans  la  deuueme  se>ie  d'experiences  faites  a Vec 
I'appel  seul  par  la  difference  des  volumes  inlroduils  par  les  orifices  latdraux  qui 
ont  616  de  0mc , 5 1  n :i  et  0"",4950;  tandis  que  ceux  qui  sunt  passtSs  par  les  Orifices 
>enaut  du  ventilateur  n'onl  <He  que  de  Omc,  I  i  i  1  el  0mr,  I  500. 

Rapport  du  volume  d'air  introduit  duns  la  chumbrr  a  air  au  volume  total  ivacue 
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cliarabre  ii  airdu  calorit'ere  du  pavilion  F  etait,  en  une  sccondc  : 

Par  l'action  seule  de  l'appel,  egal  a   4 mc,304 

Far  Taction  combinee  de  l'appel  et  du  ventilateur.  1  mr,554 ; 
ainsi  Taction  seule  de  l'appel,  malgre  les  conditions  defavora- 
bles  dans  lesquelles  elle  agissait,  suffisait  pour  produire  les  0,84 
du  volume  total  du  a  Taction  simultanee  des  deux  causes. 

Des  resultats  analogues  ont  ete  constates  par  MM.  Leblanc  et 
Ser  \  en  avril  et  en  mai,  a  Th6pital  Necker,  par  une  temperature 
de  8  a  12°,  qui  dispensait  de  chauffer  les  caloriferes.  Le  volume 
d'air  nouveau  introduit  et  celui  de  Tair  vicie  evacue  ne  se  sont 
eleves  qu'a  36  ou  40  metres  cubes  par  heure  et  par  lit,  et  le  ven- 
tilateur n'y  contribuait  que  pour  4mr,40  ou  pour  1/9  environ. 

La  disposition  des  orifices  d'arrivee  de  Tair  chaud  est,  en 
outre,  tres-defectueuse  dans  ce  pavilion.  lis  sont  places  a  lleur 
du  sol,  et,  Thiver,  les  courants  d'air  chaud  qu'ils  amenent  a  une 
temperature  trop  elevee  sont  tres-gfinants  pour  les  malades  voi- 
sins. 

DISPENSES  FAITES  PAH  LES  DIVERS  SYSTEMES  DE  VENTILATION. 

Au  point  de  vue  de  la  depense  d'etablissement  et  de  la  de- 
pense  journaliere  pour  le  service  et  pour  Tentretien,  la  compa- 

par  les  cheminies. —  Le  volume  total  introduit  par  l'appel  seul  a  616  de.  I mc,3044 
en  1",  tandis  que,  dans  les  rafimes  conditions  de  temperature  inleVieure  et  exlc- 
rieure,  le  volume  d'air  dvacue'  par  les  cheminges  avait  6t6  trouvfi  egal  a  2IM,3909  ; 
le  rapport  de  ces  deux  volumes  egal  a  , 

1.3044 

  =  0.546 

2.3909 

montre  que,  dans  le  pavilion  oil  les  experiences  ont  616  faites,  malgre  l'altenlion 
que  Ton  a  toujoiirs  eue  de  veiller  a  la  fermeture  des  portes  el  des  fenetres,  l'air 
introduit  par  la  circulalion  naturelle  s'est  <5Iev^  a 

2mo,3909  —  1BC,3044  =  lmt,0855 

par  seconde,  ou  a 

1-0855 

 =  0.455 

2.3J09 

du  volume  d'air  lotal  <5vacu<5  par  les  chemine'es.  Ce  resultat,  qui  montre  sous  un 
aulre  point  de  vue  toule  l'influence  de  la  ventilation  produile  par  les  differences 
de  temperature,  est  d'aillours  d'aceord  avec  ce  que  nousavons  observe"  a  l'hopital 
Lariboisi6re  stir  les  pavilions  ventil6s  par  appel.  A.  M. 

1 1  Eludes  sur  la  ventilation,  t.  Ier,  p.  492  et  suiv. 
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raison  entre  les  frais  occasionnes  a  l'h6pital  Lariboisierc  par  les 
deux  systemes  mis  en  presence,  est  encore  a  l'avantage  de  celui 
qui  procede  par  aspiration. 

Les  depenses  de  premier  etablissement  se  sont  elevees  dans 
cet  liopital  aux  chiffres  suivants  : 

Ventilation  par  insufflation,  par  lit   808  fr.  00 

Ventilation  par  aspiration,  par  lit   480  fr.  00 

L'examen  des  donnees  recueillies  par  divers  observateurs  et 
de  celles  que  l'adminislration  a  fait  connaitre,  en  ce  qui  con- 
cerne  les  depenses  journalieres  comparees  au  volume  d'air  vicie 
reeilement  evacue,  conduit  aux  appreciations  moyennes  sui- 
vantes  : 




APPAREILS  EMPLOYES. 

PRIX  DE  LA  VENTILATION  ANNUELLE 
a  raison  d'un  metre  cube  par  heure, 
inlercts  et  amortlssement  du  capital 

coinpri*. 

non  conipris. 

ChaulTage  par  la  vapeur  et  l'eau  chaude, 
ventilation  par  insufflation. 

ChaulTage  par  circulation  d'eau  chaude, 
ventilation  par  appel. 

2  Tr.  4:5 
1  IV.  4:1 

1  tr.  30 
0  fr.  79 

Les  chiffres  precedents  parattront  sans  doute  excessifs  et  se- 
raient  certainement  susceptibles  de  faire  hesiter  plus  d'une  ad- 
ministration municipale,  si  Ton  n'ajoutait  que,  par  suite  de  la 
tres-facheuse  habitude  que  Ton  a  trop  souvent  de  n'arreter  les 
projets  des  appareils  de  chauffage  et  de  ventilation  que  quand 
les  batiments  sont  a  peu  pres  termines,  au  moins  quant  au  gros 
oeuvre,  les  depenses  out  ete  accrues  pour  cet  hdpital  dans  une 
proportion  enorme. 

Des  donnees  comparatives  relatives  a  des  constructions  re- 
centes  nous  permettent  de  regarder  comme  a  peu  pres  certain 
qu'en  preparant  tous  les  emplacements  et  les  conduits  destines 
aux  appareils  et  en  employant  des  dispositifs  plus  simples,  la 
depense  d'etablissement  pour  un  hdpital  analogue  a  celui  de 
Lariboisiere  ne  s'eleverait  pas  a  la  moitie  du  chiffre  de  480  fr. 
par  lit,  relatif  aux  appareils  de  ventilation  par  appel. 
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Ainsi,  sous  le  double  rapport  dela  depense  d'etablissemcnt  et 
de  celle  du  service  journalier,  les  frais  occasionnes  par  le  sys- 
teme  de  1'insufflation  sont  a  peu  pres  doubles  de  ceux  qu'occa- 
sionne  celui  de  1' aspiration. 

L'on  a  pretendu,  il  est  vrai,  que  les  appareils  de  ventilation 
avaient  ete  construits  en  prevision  du  service  complet  des  six 
pavilions,  ce  qui  expliquait  l'exces  de  la  depense  d'installation ; 
raais  ceh  n'est  pas  exact,  attendu  :  1°  que  l'execution  n'a  ete 
autorisee  et  commencee  que  pour  les  trois  pavilions  2  4-6,  et 
non  pour  les  six  pavilions;  2°  que  la  plus  grande  partie  provient 
des  depenses  de  canalisation  des  conduits  d'air  et  des  appareils 
de  cbauffage  qui  n'ont  et6  installes  que  pour  trois  pavilions; 
3°  que  les  machines  etablies  ne  seraient  pas  suffisantes  pour  as- 
surer le  service  de  six  pavilions. 

Quant  aux  appareils  du  docteur  Van  Hecke,  l'economie  appa- 
rente  de  leur  etablissement,  a  laquelle  on  a  attache  trop  d'im- 
portance,  ne  provient  que  de  ce  qu'ils  sont  incomplets  et  d'une 
construction  peu  durable.  Les  tuyaux  en  tdle  des  caloriferes  ne 
resistent  que  cinq  ou  six  ans,  et  exigent  de  grandes  reparations. 
Le  cbauffage  est  tout  a  fait  defeclueux. 

En  comparant  d'ailleurs  les  depenses  annuelles  au  volume 
d'air  reellement  evacne  dans  des  circonstances  favorables,  on 
obtient  les  resultats  suivants  : 


A  P  PAR  El  L  EMPLOYE. 

PRIX  DE  LA  VENTILATION  ANNUELLE 

a  raison  d'un  metre  cube  par  heure, 
interets  et  amortissement  du  capital  a  1  0  °/0 

compris. 

non  compris. 

Chauffage  h  l'air  chaud,  ventilation 
par  insuillalion. 

1  i'r.  b'4 

0  fr.  92 

OBSERVATIONS  SUR  LES  DISPOSITIONS  DE  DETAIL. 

Les  dispositions  adoptees  dans  les  divers  h&pitaux  pour  la 
ventilation  par  aspiration  sont  loin  d'etre  irreprochables;  bien 
des  proportions  devraient  fitre  modifit;es  pour  obtenir  des  resul- 
tats completement  satisfaisants.  D'une  autre  part,  le  systeme  de 
ventilation  par  insufflation  de  l'hopital  Lariboisiere  ne  pourra, 
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corame  on  l'a  vu,  produire  une  evacuation  reguliere  de  l'air 
vicie  que  par  l'addition  d'appareils  de  chauffage  de  la  cheminee 
generale  d'evacuation ;  ce  qui,  en  realite,  la  ramenerait  alors  a 
celui  de  l'aspiration  et  conduirait  a  une  augmentation  de  de- 
pense  dans  ce  systeme,  qui  est  deja  le  plus  couteux. 

CONCLUSIONS  GENERALES. 

1°  La  ventilation  a  pour  objgt  l'evacuation  de  Fair  vicie  et  son 
remplacement  par  de  l'air  neuf. 

2°  Le  but  principal  de  la  ventilation  est  l'extrac'ion  immediate 
de  l'air  vicie.  Elle  doit  avoir  lieu  le  plus  pres  possible  des  points 
ou  l'air  est  souille  par  des  emanations  nuisibles,  afin  d'en  pre- 
venir  la  diffusion  dans  l'atmosphere  des  salles.  A  l'inverse,  l'air 
neuf  doit  etre  introduit  dans  les  salles  en  des  points  eloignes  des 
malades. 

3°  Les  divers  dispositifs  qui  procedent  par  aspiration,  lors- 
qu'ils  sont  convenablement  proportionnes  et  bien  etablis,  satis- 
font  mieux  et  plus  surement  aux  conditions  preeedentes  que 
ceux  qui  procedent  exclusivement  par  l'insufflation  de  l'air  neuf; 
ces  derniers  n'assurent  pas  en  toute  circonstance  et  en  toute  sai- 
son,  a  l'evacuation  de  l'air  vicie,  1'uniformUe  et  la  stabilite  ne- 
cessaires. 

4°  L'introduction  de  l'air  neuf,  pris  a  telle  hauteur  que  1'on 
voudra  et  en  quaDtite  suffisatite,  peut  elre  obtenue  par  le  seul 
effet  de  l'aspiration  et  sans  le  concours  d'appareils  soufflants, 
en  donnant  aux  canaux  d'amenec  de  l'air  neuf  et  a  leurs  orifices 
des  dimensions  assez  grandes  et  des  dispositions  convenables. 

5°  L'aspiration  peut  facilement  etre  determinee  :  1°  paries 
foyers  ou  caloriferes  avec  cheminees  servant  au  chauffage  des 
salles  ou  autres  appareils  analogues,  quand  il  s'agit  de  salles  ou 
d'hopitaux  de  petite  ou  de  moyenne  importance;  2°  par  ces 
memes  moyens  et  au  besoin  par  des  foyers  speciaux  etablis  a  la 
base  de  cheminees  de  15  a  20  metres  de  hauteur,  fonctionnant 
comme  auxiliaires,  quand  il  s'agit  d'ctablissements  hospilaliers 
considerables.  L'air  a  evacuer  doit  affluer  vers  la  base  de  la  che- 
rninee;  le  plus  souvent  il  doit  y  etre  amene  par  un  ou  plusieurs 
conduits  qui,  en  seramifiant,  vont  aboutir  a  des  orifices  voisins 
des  sources  d'infection. 
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6°  La  ventilation  par  aspiration  au  moyen  de  foyerset  de  che- 
minees se  prfite  a  loutes  les  dispositions  et  proportions  exigees 
par  la  grandeur  et  la  disposition  des  salles.  Kile  se  rapproche, 
autant  qu'on  peutle  desirer,  de  l'aeration  ordinaire  et  naturelle 
des  chambres  et  appartements;  elle  permet  de  faire  varier  le 
volume  et  la  temperature  de  l'air  affluent  selon  les  besoins  des 
divers  genres  de  maladies.  Elle  n'exige  que  l'etablissement  peu 
dispendieux  de  foyers  avec  leurs  cheminees  et  de  conduits  ou 
canaux  qui,  une  fois  etablis,  coutent  peu  d'entrctien.  Elle  ne  de- 
niande  d'autres  soins  que  l'alimentation  reguliere  des  foyers, 
dont  tout  manoeuvre  peut  Stre  charge. 

La  ventilation  par  insufflation  ertige ,  outre  les  conduits  et 
cheminees  d'evacuation  communs  aux  deux  systemes,  des  ma- 
chines soufflantes  et  des  machines  motrices,  avec  de  longs 
conduits  particuliers  pour  l'amenee  de  l'air  insuffle.  Elle  neces- 
site  l'intervention  d'ouvriers  sp^ciaux,  mecanicienset  chauffeurs, 
et  des  Ira  is  d'entretien. 

7°  Le  systeme  de  l'insufflation  n'off're  pas  les  memes  garanlies 
que  le  systeme  de  l'aspiration  contre  la  diff  usion  de  l'air  vicie 
d'une  salle  dans  une  autre,  ni  contre  les  rentrees  de  l'air  vicie 
par  les  orifices  des  canaux  d'evacuation  ou  par  les  fissures  de 
leurs  parois,  quand  une  circonstance  accidentelle,  comme  l'ou- 
verture  de  portes  ou  de  fenetres,  vient  troubler  l'etat  habituel 
de  pression  et  de  mouvement  de  l'air  interieur  des  salles. 

8°  L'aspiration  determinee  par  de  simples  foyers  et  chemi- 
nees, avec  des  ouvertures  de  dimensions  suffisantes  et  convena- 
blement  placees  pour  l'admission  de  l'air  neuf  en  remplacement 
de  l'air  vicie  et  sans  le  concours  d'aucun  appareil  mecanique, 
constitue  done,  sauf  des  circonstances  tout  a  fait  exceptionnelles, 
le  moyen  le  plus  facilement  applicable  d'obtenir  une  ventilation 
hygienique  aussi  active  qu'on  puisse  le  desirer,  dans  les  salles 
des  grands  h6pitaux  ou  dans  les  hdpitaux  de  moyenne  et  de  pe- 
tite importance,  susceptibles  d'etre  chauttes  par  un  foyer. 

9°  En  ce  qui  concerne  les  etablissements  ou  Ton  serait  con- 
duit, par  des  circonstances  speciales,  a  recourir  aux  moyens 
mecaniques  d'insufflation,  il  conviendrait  d'y  ajouter  Taction 
d'une  aspiration  energiqtie ,  s'exercant  specialemenL  sur  les 
points  qui  donnent  lieu  a  des  emanations  suspectes. 

Le  rapport  qui  precede  a  ete  lu  en  seance  du  Comite,  le  2  juin 
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1864,  etdiscute  dans  les  seances  des  4  0,  24  novembre,  8,  21  de- 
cembre  1 864  et  12  janvier  1865. 

Le  Comite,  apres  avoir  approuve  le  rapport,  en  a  vote  succes- 
sivement  les  conclusions  et  l'a  adopte  dans  son  ensemble,  le  26 
janvier  1863. 

Le  Senateur  Vice-President, 
Le  Secretaire,  Dumas. 
Dr  A.  Deveugie. 


INSTRUCTIONS 

SUR  LES 

DISPOSITIONS  GENERALES  ET  SUR  LES  PROPORTIONS  A  ADOPTER 

POCR 

LES  APPARE1LS  DE  VENTILATION 

DES  HOP1TAUX, 
Par  M.  le  general  MORIN. 


On  ne  se  propose,  dans  l'instruction  suivante,  que  de  faire 
connaitre  les  proportions  des  parties  principales  des  passages  et 
des  conduits  qu'il  est  necessaire  de  menager  dans  les  salles  de 
l'hopital  que  Ton  veut  ventiler  pour  assurer  facilement  l'evacua- 
tion  de  Fair  vicie  et  l'introduction  de  Fair  nouveau. 

Ces  proportions  s'appliquent  d'ailleurs  aux  diverses  disposi- 
tions que  les  conditions  locales  peuvent  conduire  les  architectes 
a  adopter. 

Le  volume  d'air  a  extraire  et  a  introduire  dans  les  salles  de 
malades  pouvant,  selon  les  circonstances,  varier  de  60  a  plus  de 
100  metres  cubes  par  heure  et  par  lit,  on  prendra  pour  base  du 
calcul  des  proportions  des  appareils  a  etablircelui  de  80  metres 
cubes  par  beure  et  par  lit. 

Lorsque  les  conditions  locales  le  permeltront,  l'evacuation  par 
appel  de  Pair  vicie  aura  lieu  de  preference,  en  genera!,  par  des 
conduits  descendants,  ouverts  derrierela  tfite  deslits,  a  fleur  du 
VI.  'J 
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plancher,  et  au  nombre  d'un  au  moins  pour  deux  lits  dans  les 
hftpitaux  ordinaires,  et  d'un  par  lit  dans  les  h6pitaux  d'accou- 
chement. 

Lorsqu'on  emploiera  pour  mode  de  chauffage  la  circulation 
de  l'eau  chaude,  et  que  les  dispositions  adoptees  ainsi  que  le 
voisinage  des  cheminees  d'appel  le  permettront,  on  cherchera  a 
utiliser  pour  l'appel  une  partie  de  la  chaleur  des  petits  reser- 
voirs d'eau  chaude  necessaires  aux  besoins  courants. 

Mais,  il  ne  faudrait  pas  que  l'utilite  de  ces  petils  reservoirs, 
qui  n'ont  qu'une  tres-faible  capacile,  conduisit  a  adopter  exclu- 
sivement,  comme  l'a  fait  M.  Leon  Duvoir,  l'appel  par  en  haut, 
qui  est  moins  avantageux. 

On  remarquera  que  la  disposition  qui  r^sultera  de  l'appel  par 
en  bas  atlenuera  beaucoup  l'aHaiblisscment  occasionne  dans  les 
murs  par  le  passage  des  conduits  d'evacuation. 

Ainsi,  pour  un  batiment  ayant  trois  etages  de  salles  comme 
ceux  de  l'hopital  de  Lariboisiere,  les  trumeaux  du  second  etage 
ne  recevraientaucun conduit  d'evacuation,  puisqueleleur  propre 
partirait  du  plancher;  ceux  du  premier  etage  ne  seraient  traver- 
ses que  par  un  seul  conduit  venant  du  deuxieme  etage;  et  ceux 
du  rez-de-chaussee  ne  seraient  evides  que  par  les  deux  qui  cor- 
respondraient  au  premier  et  au  second  etage1. 

Les  epaisseurs  des  murs  eLant  plus  grandes  aux  etages  infe- 
rieurs,  ces  evidements  seront  toujours ,  a  proportion,  moins 
facheux  dans  le  systeme  de  l'appel  par  en  bas  que  dans  celui  de 
l'appel  par  en  haut,  qui  conduit  au  contraire  a  etablir  le  plus 
grand  nombre  de  conduits  dans  les  trumeaux  des  etages  supe- 
rieurs,  ou  les  murs  out  le  moins  d'epaisseur. 

Cette  consideration  est  un  motif  de  plus  qu'apprecieront  les 
architectes  pour  preferer  l'appel  par  en  bas  a  celui  qui  se  ferait 
par  en  haut. 

1 .  Les  fig.  1  et  2,  pi.  27 ,  qui  ne  repr^scnlenl  que  des  indications  d'ensemblc, 
•  font  voir  avec  evidence  l'avanlage  queprescnle  l'appel  par  en  bas  sur  l'appel  par 
en  haul,  au  point  de  vue  de  1'affaiblissemenl  que  produit  dans  les  murs  It;  pas- 
sago  des  conduits  ({'Evacuation  dc  l'alr.  L'appel  par  en  bas  donne  d'aillcurs, 
comme  on  le  sail,  la  I'acili l<5  d'uliliser  loule  la  ha\ileur  de  la  cbeminSfl  genErale 
d'evacuation,  au  bas  de  laquelle  se  rendenl  les  conduits  pour  donner  a  l'appel 
toute  I'aclivitiS  desirable.  II  conslitue  un  moycn  plus  Economiquc  d'uliliser  la 
chaleur  depensce  pour  le  produire.  A.  M. 
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Pour  un  batiment  d'une  construction  analogue  a  celle  de 
l'hdpital  Lariboisiere,  dontJes  trumeaux  ontau  rez-de-chaussee 
3m,05  delargeur  moyenne  sur  0m,80  d'epaisseur  ou2mq,44  de  sec- 
tion, si  les  deux  conduits  venaient  du  premier  et  du  deuxieme 
etage  en  descendant  vers  les  caves,  ils  exigeraient  au  plus  dans 
les  murs  (en  y  comprenant  les  languettes  de  separation  et  m6me 
le  parement  interieur  en  briques  de  cbamp)  une  trancbee  de 
2  X  0"',30  -f  -  0m,05  ==  0'»,65  de  large  sur  0m,22  -f  0m,05  =  0m,27 

\ 

de  prolbndeur,  ou  en  tout  0mq,1755  de  section,  c'est-a-dire  — 

44 

de  la  section  totale  du  trumeau  seul,  ce  qui  ne  peut  avoir  au- 
cune  influence  sur  la  stabilite  d'un  edifice  bien  construitet  bien 
ancre. 

Al'inverse,  si  l'evacuation  se  faisait  par  en  baut,  les  trumeaux 
du  deuxieme  etage  qui  n'auraient  que  3m,05  x  0m,60  =  4 ,n(i,83 
de  section  devraient  etre  traverses  par  trois  conduits  exigeant 
une  trancbee  de  3  x  0m,30  -f-  0m,1 0  =  1m,00  de  large  sur  0m,27 
de  prot'ondeur  ou  0mq,27  de  section,  ce  qui  equivaudrait  a  1/7  de 
celle  de  la  maconnerie  :  cela  ne  serait  pas  encore  inadmissible. 

Dans  le  cas  ou  les  conduits  d'introduclion  d'air  nouveau  de- 
vraient etre  aussi  pratiques  dans  les  trumeaux,  ce  que  Von  pourra 
eviter  quelquefois  dans  les  b6pitaux  dont  les  salles  n'auront 
qu'un  nombre  de  douze  a  quatorze  lits,  on  verrait  encore  que 
rall'aiblissement  des  murs  par  le  passage  de  tous  les  conduits 
ne  compromettrait  pas  la  solidite  des  murs,  convenablement 
relies  entre  eux  et  ancres. 

Lorsque  la  nature  des  materiaux  employes  ou  des  conditions 
locaLes  ne  permettraient  pas  de  donner  aux  murs  des  epaisseurs 
suflisantes  pour  y  pratiquer  ces  passages  avec  securite,  on  pourra 
^tablir  les  gaines  d'evacuation  et  d'arrivee  de  l'air  en  saillie  a 
l'interieur  des  salles. 

Alors,  pour  diminuer  le  moins  possible  la  largeur  disponible 
de  ces  salles  etne  pas  nuire  a  leur  aspect,  on  restreindra  l'epais- 
seur  des  gaines  en  leur  faisant  occuper  a  peu  pros  toute  la  lar- 
geur des  trumeaux. 

On  prendra  les  dispositions  necessaires  pour  que  les  gaines 
ou  conduits  d'evacuation  ne  soient  pas  traverses  par  les  poutres 
ou  solives  du  plancber,  ce  qu'il  sera  facile  d'eviter  a  l'aide  des 
chevetres. 
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S'il  n'y  a  pas  do  caves  dans  les  bailments,  cc  qui  d'aillcurs 
n'est  pas  indispensable,  on  elablira  des  arceaux  assez  grands 
pour  donncr  les  sections  de  passage  necessaires,  et  ils  seront  a 
1'extrados  recouverts,  comme  lereste  du  sol  du  rez-de-chaussee, 
d'une  aire  en  beton  avec  enduit  de  bitume  pour  preserver  ce 
rez-de-chaussee  de  l'humidite. 

Si  quclque  difficulte  s'opposait  ace  que  les  conduits  d'6vacua- 
tion  descendissent  au-dessous  du  sol  du  rez-de-chaussee,  on 
les  terminerait  a  hauteur  de  ce  sol.  Ce  n'est  que  dans  des  cas 
exceptionnels,  ou  pour  desbatimenls  existants  quioffriraientdes 
obstacles  particuliers,  que  Ton  dirigerait  ces  conduits  de  bas  en 
hautvers  les  etages  superieurs  ou  vers  les  combles. 

Dans  tous  les  cas,  les  conduits  d'evacuation  del'air  vicie  cor- 
respondaut  a  des  lits  places  aux  differents  etages,  les  uns  au- 
dessous  des  autres,  resteront  isoles  dans  leur  parcours  vertical, 
et  ils  ne  seront  reunis  par  groupes  dans  des  conduits  collecteurs 
partiels  et  horizontaux  qu'apres  y  etre  demeures  separes  par  des 
languettes  sur  une  etendue  de  trois  a  quatre  metres  au  dela  du 
debouchc  de  ceux  qui  seront  les  plus  voisins  de  la  cheminee  ge- 
nerate d'evacuation,  afin  de  s'opposer  autant  que  possible  a  l'c- 
tablissement  de  communications  d'un  etage  a  un  autre. 

On  calculera  la  section  a  donner  aux  premiers  conduits  d'e- 
vacuation en  comptant  sur  l'extraction  d'un  volume  d'air  de 

80  mc 

80wc.  par  beure  ou  de  ^„nn  ==  0mi',0222  en  une  seconde  et  par 

3o00 

lit,  et  sur  une  vitesse  raoyenne  de  passage  de  0in,70  en  une  se- 
conde,  ce  qui  conduit  a  leur  donner  ^  ?Q  =  0""1,0320  de  sec- 
tion par  lit;  et,  comme  on  peutadmettre  que,  dans  les  h6pitaux 
ordinaires,  il  suffira  d'un  conduit  pour  deux  lits,  il  devra  avoir 
0mq,064de  section,  ou  par  exemple  0m,22  de  profondeursur0,n,30 
de  largeur. 

Pour  les  h&pitaux  de  femmes-en  couches,  le  volume  d'air  a 
evacuer  par  lit  etant  de  100  metres  cubes  par  heure  ou  de 
0mc,028  par  seconde,  la  section  des  premiers  conduits  sera  de 
0m<1,040  pour  un  lit. 

Dans  les  premiers  conduits  collectours,  qui  reunirontles  pre- 
cedents par  groupes,  on  admettra  que  la  vitesse  movenne  sera 
de  4m,00  a  1  '",20  en  \",  et  1'on  calculera  la  section  d'apres  cette 
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base  et  d'apres  le  nombre  de  lits  dont  ils  devront  assurer  l'assai- 
nissement. 

Les  seconds  conduits  collecteurs,  si  1'on  en  etablit  pour  reu- 
nirtout  l'air  vicie  evacue  par  les  precedents,  seront  proportion- 
nes  en  y  supposant  une  vitesse  moyenne  de  1 m, 40- 

Enfin,  dans  la  cbeminee  generale  d' evacuation,  on  admettra 
que  la  vitesse  moyenne  doit  etre  d' environ  <lm,80  ,  et  qu'a  sa  par- 
tie  superieure  elle  sera  au  moins  de  2n,,00  en  \ ",  afin  de  la  mettre 
a  l'abri  des  bourrasques. 

Par  l'adoption  du  systeme  de  l'appel  exerce  par  en  bas,  une 
meme  cbeminee  generale  d'evacuation  pourra,  dans  beaucoup 
de  cas ,  servir  pour  plusieurs  pavilions,  en  se  reservant  les 
moyens  d'interrompre,  a  l'aide  de  portes,  les  communications 
avec  ceux  qui  ne  seraient  pas  occupes. 

Au  bas  de  la  cbeminee  on  etablira  une  grille  en  i'er  entouree 
d'un  rebord  en  briques  et  qui  sera  completement  isolee  des 
parois,  afin  que  l'air  affluent  des  conduits  collecteurs  puisse  en 
partie  circuler  autour  et  ne  s'echauffer  qu'a  une  temperature 
moderee  ou  suffisante  \ 

Cette  temperature  interieure  moyenne  de  la  cbeminee  doit  en 
toute  saison  exceder  d'une  quantite  constante,  de  20  a  25  degres 
en  general,  celle  de  l'air  exterieur,  pour  donner  a  l'appel  et 
en  tous  temps  la  meme  energie;  le  feu  du  foyer  d'appel  devra 
done  etre  beaucoup  plus  energique  l'ete  que  l'hiver. 

Des  dispositions  analogues  proportionnees  d'apres  les  memes 
bases  seront  prises  dans  le  cas  ou  la  repartition  adoptee  pour 
les  divers  pavilions  conduirait  an'etablir  qu'une  seule  cheminee 
d'evacuation  pour  un  plus  grand  nombre  de  batiments. 

Lorsqu'au  lieu  d'etre  separees  des  batiments  ces  chemineesy 
seront  accolees,  ou  placees  a  l'interieur,  on  profitera  autantque 
possible  de  la  chaleur  qu'on  pourrait  emprunter  aux  reservoirs 
d'eau  chaude,  aux  fourneaux  a  cataplasmes,  et  en  general  a 
tous  les  appareils  necessaires  de  service. 

Quand  la  disposition  generale  adoptee  pour  les  batiments 

1.  Dans  tous  Ins  cas,  l'on  devra  manager  une  entire  dirccte,  ouvrant  al'exttS- 
ricur  fi  la  base  de  la  cheminee,  ct  par  laquellc  le  chauffeur  viendra  alimenlcr  le 
lour.  S'il  Stall  oblige"  de  fairc  son  service  par  los  galories  d'Svacualion,  il  cour- 
rall  risque  d'Clrc  asphyxii':,  ou  au  moins  for!  incommode1.  A.  M. 
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comprendra  une  galerie  de  promenade  au  long  d'une  des 
longues  faces,  l'appel  pourrait  fitre  exerce  a  hauteur  de  chaque 
etage,  et  de  maniere  a  eviter  l'ouverture  d'aucun  conduit  ver- 
tical dans  les  murs  pour  l'evacuation  de  l'air  vicie,  en  placant 
la  cheminee  en  un  point  de  cette  galerie  d'evacuation  vers  la- 
quelle  les  conduits  partiels  seraient  diriges  en  passant  dans  des 
entrevous  disposes  au  plafond  des  corridors  *. 

Une  pareille  disposition  permettrait  d'utiliser  plus  facilement 
que  toute  autre,  pour  activer  la  ventilation,  une1  partie  de  la 
chaleur  des  petits  reservoirs  d'eau  chaude  necessaire  au  service 
et  pour  les  bains,  celle  des  fourneaux  a  cataplasmes,  sans  tom- 
ber  dans  les  inconvenients  que  Ton  reproche,  non  sans  raison, 
a  la  disposition  que  L.  Duvoir  avait  exclusivemerit  adoptee. 

Dans  ce  cas,  chaque  pavilion  aurait  sa  cheminee  generale 
d'evacuation  recevant  k  hauteur  de  chaque  etage  l'air  vicie  qui 
en  proviendrait  dans  des  gaines  speciales  isolees  les  unes  des 
autres  jusqu'au-dessus  de  I'etage  superieur;  au  bas  de  chacune 
de  ces  gaines  collectives,  on  pourrait  disposer  un  petit  foyer 
auxiliaire  d'appel  qui  ne  servirait  que  dans  les  cas  ou  son 
action  serait  indispensable  pour  obtenir  un  appel  assez  ener- 
gique. 

II  doit  etre  d'ailleurs  bien  entendu  que,  dans  tous  les  cas,  la 
surface  interieure  des  gaines  et  des  conduits  collecteurs  devra 
etre  recouverte  d'un  enduit  aussi  bien  lisse  que  possible,  pour 
diminuer  la  resistance  des  parois  au  mouvement  de  l'air,  et  que 
des  ouvertures  ou  regards  y  seront  menages  pour  permettre  de 
les  nettoyer  au  moins  deux  fois  par  an,  afin  d'enlever  les  toiles 
d'araignees  et  autres  obstacles  susceptibles  de  gener  la  circula- 
tion de  l'air. 

En  general,  il  serait  convenable  de  faire  surmonter  la  chemi- 
nee d'evacuation  par  un  appareil  a  girouette  dont  le  vent  diri- 
gerait  l'orifice  d'evacuation  du  c&te  d'aval,  ce  qui  permettrait 
d'utiliser  Taction  des  courants  d'air  les  plus  energiques  au  pro- 
iit  de  l'appel,  qu'ils  contrarieraient  sans  cette  precaution. 

Les  proportions  et  les  dispositions  generates  que  Ton  vient 
d'indiquer  seront  aussi  observers  lorsqu'on  aura  ete  oblige  de 

1.  Voir  plus  loin  les  projels  prL!scnl£s  pour  ce  cas  par  M.  L.  Duvoir  cl  par 
M.  d'Hamelincourl. 
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faire  I'appel  de  Fair  vicie  soit  au  niveau  des  salles  comme  on  l'a 
indique  plus  haut,  soit  par  la  partie  superieure  des  batiments, 
ainsi  que  cela  peut  arriver,  surtout  quand  il  s'agit  de  batiments 
existants. 

Toutes  les  fois  que  les  conditions  locales  le  permettront,  les 
tuyaux  de  funiee  des  appareils  de  chauffage  seront  diriges  dans 
la  cheminee  generale  d'evacuation  pour  utiliserla  chaleuraban- 
donnee  par  leurs  parois,  ils  y  seront  isoles,  et  seront  en  fonte. 

Les  foyers  des  chaudieres  de  la  buanderie  seront,  s'il  est  pos- 
sible, etablis  a  la  base  m6me  de  cette  cheminee,  afin  d'utiliser 
au  profit  dela  ventilation  la  chaleur  acquise  dans  ces  foyers  par 
les  gaz  produits  de  la  combustion. 

Exemple.  Comme  simple  application  des  regies  precedentes, 
nous  supposerons  qu'il  s'agisse  d'un  bopital  de  100  lits  repartis 
dans  deux  pavilions  auxquels  on  ne  donnerait  qu'une  mtime 
cheminee  d'evacuation,  et  qu'il  y  ait  deux  etages  contenant  en- 
semble 50  lits  par  pavilion,  distribues  dans  quatre  salles  d*e  12 
lits,  et  deux  cbambres  a  un  lit.  Dans  cette  hypothese,  chaque 
salle  contiendrait  6  lits  sur  chaque  face,  et  il  y  aurait  deux 
conduits  d'evacuation  de  0m,064  de  section,  ou  de  0m,22  sur 
0m,30  interieurement  et  deux  de  0mi,032  soit  0m,16  sur  0m,20. 

Ces  conduits  verlicaux  descendront  au-dessous  du  sol  du  rez- 
de-chaussee  et  se  reuniront  deux  a  deux  au  nombi'e  de  six  dans 
de  premiers  collecteurs  horizontaux  destines  a  livrer  passage  a  ' 
l'air  appele  par  les  premiers  ,  et  qui  cbacun  devront  evacuer 
12  X  0mc,0222  =  0mc,266  en  1  seconde,  a  la  vitesse  de  1m,00  en 
4  seconde;  ils  auront  done  une  section  de  0mq,266ou  0m,52  sur 
Qm,52,  par  exemple. 

L'un  de  ces  conduits  qui  evacuerait  en  outre  l'air  des  deux 
cbambres  a  un  lit,  ou  14  X  0mc,0222  m  0rac,31,  devrait  avoir 
0n"',3l  de  section  ou  0m,52  sur  0m,60. 

Si  ces  conduits  n'arrivent  pas  directement  a  la  base  de  la 
cheminee,  et  si  les  dispositions  generales  adoptees  obligent  k 
rdunir  les  premiers  collecteurs  de  chaque  pavilion  dans  une 
deuxieme  galerie  ou2e  collecteur,  on  aura  pour  le  volume  d'air 
auquelils  devront  donner  passage  50  x  0mc,0222  =  1ni%14,  avec 
une  vitesse  de  1m,40.  Lour  section  transvorsale  sera  alors  cgale  a 
1 mc  1 1 

- — =  0ffi,i,79  ou  0m'',80  et  pourra  avoir  0"',90  sur  0-«,90.  Si  la 


130  APPAM-ILS 

clieminee  generate  doit  evacuer  l'air  vicie  des  deux  pavilions,  ou 
pour  100  lits  8,000^  par  heure  ou  2mc,222  en  \  " ,  a  la  vitesse 

Qmc  222 

raoyenne  de  1  m,80  en  1 ",  sa  section  sera  esale  a  - — '- —  =  \ m''  24 

&  1m,80 

et  son  diametre  raoyen  sera  1m,255.  Celui  du  sommet  sera  reduit 
a  1m,'l9  pour  yobtenir  la  vitesse  de  2m,00  en  ]". 

INTRODUCTION  DE  l'aMI  NOUVEAU. 

Les  oriQces  d'introduction  de  l'air  nouveau,  chaud  oufrais,  se- 
ront  toujours  pratiques  pres  du  plafond,  et  repartis  aussi  uni- 
formement  que  possible  dans  toute  l'etendue  des  salles,  a  raiso'n 
d'un  pour  deux  lits  s'il  se  peut,  ou  d'un  au  moins  pour  quatre  lits. 
Quand  ils  seront  ouverts  dans  les  parois  verticales  des  murs,  ils 
seront  munis  de  cloisons  directrices  en  forme  de  jalousies  incli- 
nees  a  20  ou  23  degres  a  rhorizon,  de  bas  en  baut,  afin  de  faire 
afffuer  l'air  dans  ce  sens  vers  le  plafond. 

La  section  transversale  des  conduits  verticaux  ou  autres  sera 
calculee  de  maniere  que  l'air  les  parcoure  avec  une  vitesse  qui 
n'excede  pas  1m,00  a1m,20.  Celle  des  passages  immediats  d'af- 
(luence  de  l'air  dans  les  salles  sera  determined  par  la  condition 
que  la  vitesse  dirigee  vers  le  plafond  n'atteigne  aussi  que  4m,00 
a  'I  "',20  en  1  seconde. 

Dans  le  cas  ou  l'air  affluerait  de  baut  en  bas  dans  le  sens  ver- 
tical par  des  ouvertures  menagees  dans  le  plafond  mfime,  ce  qui 
peut  arriver  si  Ton  emploie  des  doubles  plancbers  ou  quand  on 
aura  une  capacite  servant  de  cbambre  k  air,  la  somme  des  sec- 
tions libres  de  passage  par  les  orifices  devra  etre  calculee  par  Ja 
condition  que  la  vitesse  n'excede  pas  0m,50  a  0m,60  en  \  seconde. 

Lorsqu'on  se  servira  pour  le  chauffage  de  caloriferes  ordi- 
naires',  l'air  chaud  qu'ils  fourniront  devra  etre  introduit,  avant 
son  entree  dans  les  salles,  dans  une  cbambre  de  melange,  ou 
l'on  pourra  faire  arriver  de  l'air  exterieur  en  proportion  conve- 
nable  pour  moderer  selon  les  besoins  la  temperature  de  l'air  a 
fournir  aux  salles1. 

1.  Pour  assurer  le  melange  de  l'air  exliirieur  frais  avec  l'air  chaud  fourni  par 
I'appareil  de  cliaufTagc,  il  convient  d'imiler  dans  lous  les  cas  la  disposition  que 
nous  avons  adopttie  pour  les  amphitheatres  du  Conservatoire,  c'est-a-dire  de 
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Dans  la  saison  du  chauffage,  la  temperature  de  l'air  affluent 
devrait,  pour  une  ventilation  salubre,  differer  tres-peu  de  celle 
que  Ton  veut  inaintenir  dans  les  salles,  et  qui  doit  etre  habituel- 
lement  de  15  a  16  degres. 

Ces  chambres  de  melange  pourront  etre  formees  soit  par  des 
entrevous  pratiques  au-dessus  des  caloriferes,  soit  dans  des 
corridors  ou  des  pieces  de  petites  dimensions. 

Des  registres  seront  disposes  dans  les  chambres  de  melange 
pour  permettre  de  faire  varier  a  volonte  et  selon  les  besoins  la 
temperature  de  l'air  qu'elles  fourniront. 

On  attenuera  beaucoup  d'ailleurs  les  defauts  des  caloriferes  a 
air  chaud  en  disposant  au-dessus  de  leur  grille  une  cloche  a 
double  paroi  remplie  d'eau,  qui  recevrait  Taction  directe  du  feu 
et  servirait  en  outre  a  alimenter  les  reservoirs  d'eau  chaude.  Des 
dispositions  analogues  seront  prises  lorsqu'on  emploiera  des 
appareils  de  chauffage  par  l'eau  chaude  ou  par  la  vapeur. 

Sil'hdpital  est  convenablement  isole  et  situe  dans  une  position 
salubre ,  Jes  prises  d'air  exterieur  pourront  etre  faites  soit  a 
fleur  du  sol,  au  milieu  de  pelouses  de  verdure  ou  de  jardins 
(comme  a  Vincennes,  a  l'hdpital  d'accouchement  de  Saint-Pe- 
tersbourg),  soit  a  hauteur  des  divers  etages ;  et  Ton  ne  devra  re- 
courir  aux  cheminees  d'appel  descendant  pour  prendre  l'air  a 
une  certaine  hauteur  que  dans  les  cas  ou  la  proximite  de  bati- 
ments  plus  ou  moins  insalubres  donnerait  lieu  de  craindre  l'in- 
fection  de  l'air  a  la  surface  du  sol.  On  aura  soin  alors  de  placer 
la  cheminee  de  prise  d'air  aussi  loin  que  possible  de  celle  d'eva- 
cuation  generate.  La  section  fie  cette  cheminee,  et  en  general 
celle  de  tous  les  orifices  exterieurs  de  prise  d'air,  sera  calculee 
rle  facon  que  la  vitesse  d'introduction  n'y  excede  pas  0m,60,  afin 

diriger  au  moyen  de  languetles  plus  ou  moins  longues,  selon  les  cas,  l'air  frais 
au-dessus  du  courant  d'air  chaud.  II  arrive  alors  que,  le  premier  plus  dense  que 
le  second  tendant  a  s'abaisser,  landis  que  le  second,  plus  lciger,  lend  a  s'dlevcr, 
le  mfilange  se  produit  ndcessairement. 

Cette  disposition  s'appliquerait  aussi  bien  a  des  orifices  isoles  et  directs  d'ac- 
ces  de  l'air  chaud  ou  de  l'air  frais  dans  les  salles  qu'a  ceux  d'affluence  clans  les 
chambres  de  melange.  On  en  verra  un  exemple  dans  le  projet  de  chauffage  et  de 
ventilation  r6dige"  par  M.  D'Hamclincourt  pour  un  pavilion  dc  soixanle  lits  rc- 
partis  dans  trois  salles.  A.  M. 
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que  l'appel  qu'ils  exerceront  dans  leur  voisinage  nes'etende  qu'a 
une  petite  distance. 

Pour  la  saison  d'eto,  ou  Taction  de  l'appel  sur  l'introduction 
de  l'air  n'est  plus  favorisee  par  1' elevation  de  la  temperature 
que  le  chauffage  communique  a  l'air  nouveau,  Ton  devra  mana- 
ger dans  les  murs  des  batiments  des  orifices  auxiliaires,  dispo- 
ses comme  les  precedents  et  particulierement  ouverts  sur  les 
faces  exposces au  nord  ou  au  levant,  et  munis  de  moyensde  fer- 
meture  qui  permettent  de  les  ouvrir  ou  de  les  clore  k  volonte. 
L'air  a'msi  introduit  pouvant,  pendant  la  nuit,  etre  assez  f'rais,  il 
importe  que  sa  vitesse  d'arrivee  soit  dirigee  de  bas  en  hautvers 
le  plafond,  et  de  0m,60  en  1"  environ,  afin  qu'elle  s'eteigne  rapi- 
dement  avant  qu'il  n'arrive  aux  orifices  d' evacuation  :  cette  dis- 
position est  preferable  a  ce'lle  des  fenetres  anglaises. 

La  manoeuvre  de  tous  les  registres  sera  disposee  de  maniere 
qu'elle  ne  soit  qu'a  la  disposition  des  agents  proposes  au  service. 

Regie  qc'nirale  pour  le  contrdlc  du  service  de  la  ventilation.  — 
Lorsqu'un  dispositif  quelconque  de  ventilation  par  appel  aura 
ete  etabli,  on  constatera,  par  des  experiences  speciales  faciles  a 
faire,  dans  la  cheminee  generale  d'evacuation,  ou  si  Ton  veut 
dans  les  conduits  partiels,  si  le  volume  d'air  prescrit  est  reefle- 
ment  evacue ,  et  quel  est  l'exces  correspondant  de  la  tempe- 
rature dans  cette  chemine'e  sur  la  temperature  de  l'air  ext^rieur. 
Or  si,  pour  cet  exces,  qui  en  general  ne  diffe"rera  pas  beaucoup, 
comme  on  l'a  dit  plus  haut,  de  20  a  25  degrtfs,  on  a  obtenu  la 
ventilation  voulue,  on  prescrira  de  regler  le  chauffage  de  la  che- 
minee de  telle  sorte  qu'en  tous  temps  sa  temperature  depasse  de 
la  mSme  quantite  celle  de  l'air  extdrieur. 

On  fera  connaitre  plus  tard  des  moyens  de  contrdle  qui 
faciliteront  a  cet  effet  la  surveillance  de  MM.  les  directeurs 
d'h6pitaux. 

Cas  ou  le  chauffage  sera  fait  par  des  cheminees.  —  Lorsque  les 
salles  de  l'b6pital  seront  chauffees  par  des  cheminees  pour  les- 
quelles  on  devra  preferer  la  disposition  de  celles  qui  deter- 
minent  a  la  ibis  l'evacuation  de  l'air  vide  et  la  rentree  d'une 
proportion  assez  considerable  d'air  nouveau  convenablement 
chauffe,  a  leurs  orifices  d'introduction  Ton  en  ajoutera  d'autres 
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assez  nombreux,  et  disposes  comme  on  l'a  d it  pour  la  ventilation 
d'ete. 

Ces  cheminees  seront  d'ailleurs  disposees  de  maniere  a  pou- 
voir  recevoir  de  petits  poeles  ou  fourneaux  a  coke  ou  a  houille 
destines  a  produire,  l'ete,  et  suvtout  la  nuit,  l'appel  de  Fair  nou- 
veau  et  l'evacuation  de  l'air  vicie. 

Les  cages  d'escaliers,  les  antichambres  et  autres  pieces  don- 
nant  acces  dans  les  salles  devront  etre  chauffees  a  une  tempera- 
ture qui,  pour  cesdernieres  surtout,  devra  fitreau  moins  egale  a 
celle  des  salles.  On  attenuera  ainsi  l'effet  des  rentrees  d'air  pro- 
duites  par  ces  ouvertures  sous  Faction  de  l'aspiration.  II  serait 
done  convenable  d'etablir  des  caloriferes  generaux  pour  ces  lo- 
caux,  meme  quand  on  se  servirait  de  chetninee's  al'interieur  des 
salles. 

Cuisines  et  lieux  d'aisances. —  Les  cuisines  et  les  lieux  d'aisances 
devront  etre  isoles  des  salles  et  ventiles  par  aspiration,  d'une 
maniere  energique,  par  des  moyens  analogues  a  ceux  que  Ton  a 
indiques. 

Le  volume  d'air  qui  devra  etre  aspire  sous  chaque  siege  des 
lieux  d'aisances  par  un  conduit  special  ne  sera  pas  moindre  de 
40mc  par  heure  et  par  siege.  Ces  conduits  d'evacuation  de  Fair 
vicie  seront  calcules  par  la  condition  que  la  vitesse  y  soit  de 
0m,80  environ,  et  Ton  aura  soin  de  les  mettre  en  communication 
directe,  s'il  est  possible,  avec  la  cheminee  generale. 

Usage  des  bees  d'eclairoge.  —  Dans  les  hopitaux  eclaires  au 
gaz,  il  sera  bon  d'utiliser  la  chaleur  developpee  par  les  appa- 
reils  employes  a  activer  cet  appel.  Tous  les  cabinets  d'aisances 
seront  munis  de  doubles  portes  fermant  de  dehors  en  dedans 
dans  le  sens  de  l'appel. 

Dispositions  pour  les  cas  d'encombrement.  —  Lorsque  Tappel  sera 
determine  par  la  chaleur  developpee  par  des  appareils  de  chauf- 
fage  par  circulation  d'eau  chaude  ou  de  vapeur  dont  1'energie 
ne  peut  etre  augmentee  beaucoup  au  dela  de  certaines  limites, 
comme  celle  des  foyers  ordinaires,  il  sera  prudent  de  disposer 
dans  la  cheminee  d'appel  general  des  bees  de  gaz  que  Ton  n'al- 
lumera  que  dans  les  cas  ou  un  encombrement  momentane  ou  la 
crainte  d'inflnences  epidemiques  le  rendrait  necessaire.  On  cal- 
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culera  alors  le  nombre  de  bees  et  leur  consomniation  d'apres  la 
proportion  approximative  de  500mc  d'air  evacue  par  metre  cube 
de  gaz  brule. 

Ce  moyen  auxiliaire  n'est  pas  economique,  et  ne  doit  6tre 
employe  que  pour  des  circonstances  exceptionnelles,  comme 
celles  que  Ton  a  indiquees. 

Observation  generate.  —  Des  proportions  analogues  a  celles 
dont  on  a  donne  Indication  dans  cette  note  pour  les  appareils 
fonctionnant  par  appel  seront  adoptees  dans  les  etabblissements 
ou  Ton  aurait  ete  conduit  par  des  circonstances  speciales  a  re- 
courir  a  des  moyens  mecaniques  d'insufilation  accompagnes 
d'appareils  d'appel. 

On  ne  croit  pas  devoir,  pour  ce  cas  particulier,  entrer  dans  des 
details  plus  etendus,  parce  qu'alors  les  projets  devront  etre  etu- 
dies  avec  le  concours  d'ingenieurs  speciaux  pour  ces  sortes  de 
travaux. 


NOTE 

SUR  L'APPLICATION  DES  PRINCIPLE  ADOP'I  I  • 

COMITfe  CONSULTATIF  D'HYGltNE  ET  DE  SERVICE  MEDICAL   DES  HOPITAUX  , 


Application  des  principes  precedents  a  un  pavilion  d'hopitalde  60  lits. 

Pour  montrer,  par  des  etudes  plus  detaillees,  que  les  principes 
adoptes  par  le  comite  consultatif  d'hygiene  et  du  service  des 
h6pitaux  sont  facilement  applicables  et  ne  conduiraicnt  pas  a 
des  depenses,  a  beaucoup  pres,  aussi  considerables  que  celles 
qui  out  ete  faites  pour  l'h6pital  Lariboisiere,  lesquelles  pour- 
raient,  avec  raison,  faire  bcsiler  plus  d'une  administration  a  les 
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adopter,  il  m'a  paru  utile  de  faire  rediger  par  des  constructeurs 
experimentes  des  projets  conformes  a  ces  principes,  et  accom- 
pagnes  de  devis  faisant  connaitre  le  montant  des  depenses  in- 
herentes  a  rinstallation  des  appareils  de  chauffage  et  de  ven- 
tilation. 

Je  me  suis,  a  cet  effet,  adresse  a  [deux  des  plus  habiles  con- 
structeurs  d'appareils  de  ce genre,  qui  aisnt  fait  leurs  preuves  par 
un  grand  nombre  detravaux,  M.  Guerin,  ingenieur  de  la  maison 
L.  Duvoir-Leblanc,  et  M.  d'Hamelin court,  successeur  de  Rene 
Duvoir.  Au  lieu  de  cette  rivalite  funeste  qui  avait  divise  pendant 
leur  vie  les  deux  freres  Duvoir,  les  ingenieurs  qui  leur  ont  suc- 
cede  ont  aujourd'hui  le  bon  esprit  de  n'avoir  entre  eux  d'autre 
concurrence  que  celle  de  faire  le  mieux  possible.  J'ai  pose  a  tous 
deux  les  bases  du  projet  a  rediger,  et  c'est  le  resultat  de  leurs 
etudes  que  je  fais  connaitre  dans  cette  note. 

Ces  etudes  devaient  avoir  pour  objet  le  chauffage  et  la  venti- 
lation d'un  pavilion  d'h6pital  ayant  trois  etages  de  salles  de 
vingt  lits  chacune,  dans  l'hypothese  oil  un  corridor  de  prome- 
nade regnerait  a  chaque  etage,  dans  toute  la  longueur  du  bail- 
ment. L'appel  de  l'air  vicie  devait  etre  fait,  dans  ce  cas,  a  hau- 
teur de  chaque  etage;  ce  qui  dispensait  de  pratiquer  les  gaines 
d'evacuation  dans  l'epaisseur  desmurs,  permettait  de  les  etablir 
dans  un  entrevous  menage  dans  le  corridor,  et  de  conduire 
l'air  vicie  dans  une  cheminee  unique  d'appel,  oil  des  foyers 
d'echauffement  devaient  etre  disposes. 

Les  dispositions  proposees  par  chacun  de  ces  ingenieurs  sont 
indiquees  dans  les  planches  27  et  28,  auxquelles  je  crois  utile 
de  joindre  quelques  explications. 

Je  dois  d'ailleurs  faire  rernarquer  que  ces  projets  ne  sont 
etudies  qu'au  point  de  vue  du  chauffage  et  de  la  ventilation,  et 
qu'ils  ne  comprennent  pas  ce  qui  est  relatif  aux  autres  services 
d'un  hdpital.  Le  seul  but  de  ces  etudes  etait  demontrer,  par  des 
applications,  la  marche  a  suivre  et  les  dispositions  generales  a 
adopter  pour  assurer  le  cliaud'age  et  la  ventilation  d'un  grand 
pavilion  d'hopital,  conformement  aux  principes  admis  dans  les 
rapports  precedents. 
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Projet  de  M.  Guerin,  ingenieur  de  la  moison  L.  Duvoir-Lcblanc, 
pour  un  pavilion  d'hdpital  de  60  His. 

Dans  ce  projet,  le  chauffage  des  salles  est  oblenu  par  la  cir- 
culation de  l'eau  chaude  de  la  maniere  suivante  : 

Une  chaudiere  A  (pi.  27,  fig.  3  et  4)  ecliauffe  l'eau  par  un 
tuyau  d'ascension  aaa  et  l'envoie  dans  un  recipient  superieur  .M, 
[fig.  3).  De  ce  recipient  partent  deux  tuyaux  P  P  de  distribution, 
etablis  parallelement  a  l'un  des  murs  de  face,  et  qui  sont  en 
communication  avec  dix  series  de  trois  tuyaux  verticaux  cbacune, 
places  dans  des  gaines  ou  coffres  RRR,  que  l'auteur  a  supposes 
construits  en  saillie  a  l'interieur  de  la  salle.  Tous  ces  tuyaux 
verticaux  sont  en  communication  avec  un  conduit  de  retour  QQQ 
qui  ramene  l'eau  a  la  chaudiere  A. 

Le  systeme  fonctionne  k  basse  pression  et  a  l'air  libre,  avec 
lequel  il  communique  par  un  tuyau  d'echappement  N  [fig.  3) 
debouchant  au-dessus  du  toit. 

L'air  qui  doit  etre  introduit  et  echaulfe  dans  les  coffres  au 
contact  des  tuyaux  est  pris  sur  la  facade  opposee  au  corridor,  a 
hauteur  du  plancber  de  chaque  etage,  par  des  orillces  KKK 
(fig.  4),  ce  qui  suppose  que  le  pavilion  est  construit  dans  un  em- 
placement salubre.  Si  la  situation  n'etait  pas  aussi  favorable, 
M.  Guerin  intlique  qu'il  aurait  recours  a,  l'usage  d'une  cheminee 
sprciale  d'introduction,  qui  serait  etablie  a  l'extremite  du  pa- 
vilion opposee  a  celle  ou  est  la  cheminee  d'evacuation,  et  qu'il 
ferait  alors  arriver  l'air  dans  un  conduit  souterrain,  d'ou  il  le 
distribuerait  facilement  dans  les  coffres  verticaux. 

L'air  qui  a  parcouru  les  coffres  et  qui  s'y  est  echauffe  de- 
bouche  a  hauteur  du  plafond  sous  les  cornicbes  par  de  longs 
orifices  HHH  [fig.  3),  au  nombre  de  six,  olfrant  ensemble  I13"1, 30 
de  superficie;  ce  qui  est  largement  suffisant  pour  assurer  l'iutro- 
duction  de  l'air  en  ete,  aussi  bien  qu'en  hiver,  avec  des  vitesses 
tres-faibles. 

L'evacuation  de  Pair  vicie  est  produite  par  l'appel  que  deter- 
mine, pendant  l'hiver,  le  tuyau  de  fumee  du  calorifere.  Il  est 
extrait  des  salles  par  des  orifices  EE  [fig.  3,  4  et  5)  menages  dans 
les  trumeaux  entre  les  lits,  a  raison  d'un  pour  deux  lifs.  L'air 
vicie  venant  du  c6te  oppose  au  corridor  passe  dans  un  conduit 
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pratique  dans  Tepaisseur  du  plancher,  et  vient  gagner  des  con- 
duits collecteurs  GGG  [fig.  3  et  4)  etablis  dans  un  entrevous 
menage  dans  le  corridor  au-dessous  du  plancher  de  chaque 
elage.  Tous les  collecteurs  d'un  meme  etage  sont  isoles  les  uns  des 
autres  par  des  languettes  {fig.  3  et  4),  jusqu'aupres  de  la  che- 
minee, oil  ils  debouchent  dans  le  collecteur  general  de  l'etage. 

La  cheminee  generale  d'evacuation  D  D  {fig.  3,  4  et  5)  recoit  les 
collecteurs  generaux,  qui  s'y  prolongent  verticalement  et  sont 
separes  par  des  languettes  dont  chacune  s'eleve  jusqu'au -dessus 
du  plancher  de  l'etage  superieur.  Cette  cheminee  est  surmontee 
d'un  tuyau  a  girouette  qui  permet  d'utiliser  Taction  du  vent  au 
profit  de  la  ventilation. 

Le  tuyau  de  fumee  du  calorifere  circule  dans  les  parties  ver- 
ticales  de  chacun  de  ces  collecteurs,  de  maniere  a  y  abandonner 
la  chaleur  necessaire  pour  donner  a  l'appel  l'energie  voulue. 
Pendant  les  saisons  ou  le  chauffage  est  ralenti  ou  supprime,  un 
petit  fourneau  ordinaire  B  [fig.  3  et  5)  sert  de  moyen  auxiliaire  ou 
unique  de  determiner  cet  appel.  Son  tuyau  de  fumee  s'embranche 
dans  celui  de  la  chaudiere  principale. 

Ce  mode  de  chauffage  de  la  cheminee  d'appel  estd'une  instal- 
lation plus  economique  qu'une  circulation  speciale  d'eau  chaude 
qui  serait  etablie  dans  cette  cheminee.  II  peut  etre  tres-ener- 
gique,  ainsi  que  l'experience  l'a  deja.  prouve;  mais  sans  une 
surveillance  active,  il  n'est  pas  d'un  effet  aussi  regulier  que  le 
chaulfage  par  l'eau  chaude;  et  je  doute  qu'il  soit  meme  plus 
economique,  parce  que  les  tuyaux  inferieurs  seront  souvent 
beaucoup  plus  chauds  qu'il  ne  faudrait,  tandis  qu'a  I'inverse  les 
parties  superieures  ne  le  seront  pas  assez  pendant  les  ralenlisse- 
raents  du  feu. 

M.  Guerin  n'a  donne,  sans  doute,  la  preference  a  ce  moyen  de 
chaullage  que  dans  la  vue  de  diminuer  les  frais  d'etablissement; 
car  il  connalt  aussi  bien  que  qui  que  ce  soit  les  avantages  du 
cliaulfage  par  circulation  d'eau,  sous  le  rapport  dela  regularite 
du  service,  et  il  lui  eut  ete  facile  d'indiquer  les  dispositions  a 
prendre  pour  l'adopter. 

Outre  le  chauffage  des  salles  par  I'introduction  de  fair  chaud, 
cet  ingenieur  a  suppose  qu'un  pofile  a  eau  chaude  serait  etabli 
dans  chacune  d'elles  pour  l'agrement  des  malades. 

L'on  remarquera  que,  dans  le  projet  de  M.  Guerin,  les  gaines 
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RRR  (fig.  4)  de  chaufi'age  et  d'arrivee  de  l'air  nouveau  ne  sont 
supposees  etablies  que  d'un  seul  cdte  des  salles.  Cela  ne  parait 
pas  devoir  presenter  d'inconvenient  serieux,  surtout  dans  la 
saison  du  chaufi'age,  attendu  que  l'observation  montre  que, 
malgre  l'energie  de  l'appel,  l'air  chaud  commence,  en  affluant, 
par  s'etaler  le  long  du  plafond  jusque  vers  le  mur  oppose,  et 
que  ce  n'est  qu'ensuite  qu'obeissant  a  l'appel  il  redescend  et 
se  dirige  vers  les  orifices  d'extraction,  dont  la  repartition  syme- 
trique  sur  les  deux  faces  du  batiment  assurerait  1'uniformite  de 
l'evacuation  de  l'air  vicie.  Pendant  la  saison  d'ete,  il  est  tres- 
probable  que  les  choses  se  passeraient  d'une  maniere  analogue. 

Le  devis  que  SI.  Guerin  a  joint  a  son  projet  ne  comprend  pas 
les  travaux  de  maconnerie  relatifs  a  la  cheminee  d'evacualion  C 
et  aux  coffres  d'introduction  d'air  RRR;  mais  les  frais  a  faire 
pour  etablir  les  conduits  FFF  et  GGG  destines  a  l'evacuation 
de  l'air  y  sont  comptes.  La  depense  totale  dans  ces  conditions, 
pour  un  b6pilal  de  60  lits,  serait,  d'apres  ce  devis,  de  43,493  fr., 
ou  de  225  fr.  par  lit. 

Les  dispositions  proposees  par  M.  Guerin  pour  le  cas  particu- 
lier  qui  lui  avait  ete  propose  s'appliqueraient  en  grande  partie 
a  des  pavilions  sans  corridor  a  chaque  etage,  et  il  est  evident 
qu'il  lui  serait  facile  de  les  plier  a  d'aulres  cas,  sans  que  la  de- 
pense depassat  notablement  le  chiffre  auquel  s'eleve  son  devis. 

Get  ingenieur  n'a  pas  cru  devoir  rendre  le  service  des  bains 
solidaire  de  celui  de  la  circulation  de  l'eau  cbaude.  II  pense 
qu'il  est  plus  sur  et  plus  eeonomique  d'utiliser  pour  ce  service  la 
cbaleur  perdue  des  fourneaux  d'office  qui  fonctionnent  en  toute 
saison. 

Projet  de  M.  d'Hamelincourt  pour  un  pavilion  d'/io/ntal  de  60  his, 

Dans  ce  projet,  le  chaufi'age,  l'introduction  et  l'evacuation 
de  l'air  sont  produits  par  des  appareils  de  circulation  d'eau 
chaude. 

Un  calorifere  a  eau  A  (pi.  28,  fig.2et  3),  place  dans  les 
caves  ou  dans  un  caveau  special,  etablit  pour  le  chaufi'age  la 
circulation  de  l'eau  dans  une  serie  de  conduits  verticaux  aua 
correspondants  en  plan  {fig.  2  et  3),  a  l'intervalle  de  deux  lits. 
Cos  conduits  sont  supposes  pratiques  dans  1'epaisseur  des  murs; 
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ils  pourraient,  au  besoin,  etre  en  saillie  a  Finterieur,  ou  mfime 
a  1' exterieur  des  salles,  sous  forme  de  pilastres. 

Le  plan  du  rez-de-chaussee  [fig.  3)  indique  la  section  des 
tuyaux  verticaux  d'ascension  et  de  retouret  la  fig.  2,  coupe  trans- 
versale,  monlre  celle  des  tuyaux  generaux  d'emission  bb  et  de 
re  tour  b'b'  renfermes  dans  deux  carneaux  horizontaux,  qui  re- 
gnent  dans  toute  la  longueur  du  batiment. 

L'auteur  a  suppose  que  le  pavilion  etait  isole,  place  au  milieu 
de  cours  et  de  jardins  assez  salubres  pour  permettre  de  prendre 
Fair  sur  les  facades  du  batiment  par  de  simples  ouvertures  me- 
nagees  dans  les  murs.  Ce  cas  se  presente  souvent,  et  s'il  en  etait 
autrement,  Ton  pourrait,  comme  on  le  verra  plus  loin  dans  un 
autre  projet  de  M.  d'Hamelincourt,  prendre  Fair  a  telle  hauteur 
qu'on  le  voudrait  a  Faide  d'une  cheminee  speciale  convenable- 
ment  disposee. 

A  hauteur  du  plafond  de  chaque  etage,  les  conduits  aaa  sont 
fermes  par  un  diaphragme  et  partages  ainsi  en  trois  troncons 
que  parcourt  la  serie  des  tuyaux  de  circulation  d'eau,  et  dont 
chacun  est  affecte  au  service  de  1'etage  correspondant. 

Au  bas  de  chacun  de  ces  troncons,  une  ouverture  ccc  [fig.  2) 
est  menagee  pour  Fintroduction  de  Fair  exterieur,  qui  doit 
s'echaufler  au  contact  des  tuyaux  d'eau  chaude  en  parcourant 
le  conduit.  Cet  air,  arrete  au  soramet  des  conduits  aaa  [fig-%) 
par  des  languettes  inclinees,  se  dirige  vers  le  plafond,  dont  il 
suit  la  surface  en  perdant  sa  vitesse  d'arrivee. 

Au-dessus  des  languettes  directrices  de  Fair  chaud,  des  ou- 
vertures c'c'c'  (fig.  2)  permettent  au  besoin  a  Fair  exterieur  de 
s'introduire  aussi  dans  les  salles  vers  le  plafond. 

Cette  disposition,  qui  est  une  application  heureuse  faite  par 
M.  d'Hamelincourt  du  principe  mis  en  usage  pour  la  ventilation 
des  deux  amphitheatres  du  Conservatoire,  permet  de  meler  de 
l'air  frais  a  Fair  chaud  fourni  par  les  conduits,  pour  moderer  la 
temperature  de  celui-ci,  ainsi  que  celle  des  salles.  L'orifice  d'ar- 
rivee de  Fair  fro  id  plus  dense,  etant  superieur  a  celui  de  Fair 
chaud  plusleger,  le  melange  des  deux  courants  se  fait  necessai- 
rement  et  immediatement,  sans  que  Fon  ait  a  redouter  aucune 
gene  pour  les  malades. 

Pour  la  saison  d'ete,  les  orifices  ccc  et  c'c'c'  pouvant  etre  ou- 
verts,  soit  sur  Fune  des  faces  ou  sur  les  deux  faces  du  batiment, 
VI.  10 
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et  les  sections  des  conduits  etant  calcul^es  d'apres  les  bases  in- 
diquees  precedemment,  Introduction  de  l'air  pourra  fitre  aussi 
abondamment  assuree  qu'ou  le  voudra,  independamment  de 
toute  ouverture  des  portes  ou  des  fenetres. 

Pour  l'evacuation  de  l'air  vicie,  M.  d'Haraelincourt  a  dispose 
un  orifice  et  un  conduit  ddd  [fig.  \,  2  et  3)  special  pour  chaque 
lit.  On  pourrait  probablement,  corame  on  le  fait  generalement, 
se  contenter  d'un  conduit  pour  deux  lits,  ce  qui  diminuerait  la 
depense. 

Tous  ces  conduits  passent  entre  le  plancher  d'un  etage  et  le 
plafond  de  l'etage  inferie'ur,  ce  qui,  par  suite  de  la  grande  lar- 
geur  des  salles  et  de  la  hauteur  qu'elle  oblige  a  donner  aux 
poutres  en  fer,  ne  conduirait  pas  a  exagerer  l'epaisseur  totale 
des  planchers. 

La  figure  3  representant  le  plan  du  rez-de-chaussee  raontre 
comment  les  divers  conduits  se  dirigent  horizontalement,  en  res- 
tant  isoles,  vers  la  cheminee  B  d'evacuation.  lis  sont  separes  par 
des  languettes  prolongees  jusqu'a  cette  cheminee. 

Celle-ci  {fig.  \  et  3)  est  elle-meme  partagee  en  trois  parties  par 
des  languettes  verticales  suffisamment  prolongees  pour  eviter 
les  communications  d'un  etage  a  un  autre,  de  maniere  qu'elle 
presente  trois  gaines  d'evacuation,  dont  chacune  correspond  a  un 
etage. 

Dans  ces  gaines  sont  disposes  des  tuyaux  de  circulation  d'eau 
chaude  eee  [fig.  3)  communiquant  avec  un  recipient  general 
il'expansion  /"place  a  la  partie  superieure  de  la  cheminee,  et  qui 
sert  aussi  pour  la  chaudiere  principale  A. 

Cette  circulation,  destinee  a  determiner  l'appel,  est  produite 
par  une  chaudiere  speciale  C  [fig.  1). 

Dans  la  saison  du  chauffage,  le  tuyau  de  fumee  I  {fig.  3)  du 
calorifere ,  qui  parcourt  la  cheminee  dans  toute  sa  hauteur, 
contribuerait  et  suffirait  souvent  a  determiner  l'appel. 

L'auteur  du  projet  a  suppose  qu'a  l'extremite  de  chaque  cor- 
ridor on  etablirait  une  salle  de  bains,  qui  serait  alimentee  l'hiver 
a  l'aide  de  la  circulation  generale  de  l'eau  chaude  ou  par  un 
dispositif  special. 

Les  details  dans  lesquels  nous  venons  d'entrer  suffisent  pour 
faire  comprendre  les  dispositions  du  projet  et  le  jeu  de  la  venti- 
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lation,  tant  pour  l'evacuation  de  l'air  vicie  que  pour  l'admission 
de  l'air  nouveau,  pendant  l'hiver  et  pendant  l'ete. 

L'on  remarquera  que,  dans  ce  projet,  1'appel  est  produit  par 
un  appareil  complet  de  circulation  d'eau  chaude  qui,  d'apres  le 
devis,  couterait  3,425  fr.  Si  Ton  voulait  produire  cet  appel  par 
de  simples  poeles,  Ton  pourrait  diminuer  la  depense  d' environ 
2,000  fr.;  mais  la  depense  journaliere  de  combustible  compen- 
serait  probablement  bient6t  cette  economic 

Au  surplus,  M.  d'Hamelincourt  a  joint  a  son  projet  un  devis 
detaille  des  travaux  speciaux  de  fumisterie  a  la  charge  de  1' en- 
trepreneur; tous  ceux  qui  seraient  relatifs  aux  maconneries  res- 
teraient  a  la  charge  de  l'administration.  Ce  devis  s'eleve  a  la 
somme  de  16,835  fr.  50  c. 

Observations  surce  devis. —  L'on  voit  que  la  depense  pour  l'en- 
semble  des  travaux,  tels  qu'ils  sont  decrits  plus  haut,  s'eleverait, 
pour  un  pavilion  de  60  lits,  a  4 6,835  fr.  50  c,  ou  par  lita  286  fr. 
Si  1'appel  etait  produit  non  plus  par  circulation  d'eau  chaude, 
mais  a  l'aide  d'un  fourneau  special  pour  la  saison  d'ete,  la  de- 
pense d'iustal lation  pourrait  etrereduited' environ  4  ,000  a  4  ,500  fr. 
Si  l'on  ne  menageait,  comme  cela  parait  suffisant,  qu'une  bouche 
et  un  conduit  d'appel  pour  deux  lits,  la  depense  serait  reduite 
encore  de  pres  de  400  fr.,  de  sorte  qu'elle  ne  s'eleverait  en  tout, 
pour  les  travaux  de  fumisterie  proprement  dits,  qu'a  4  4,000  ou 
45,000  fr.,  soit240  ou  250  fr.  par  lit. 

Cette  description  montre  qu'a  part  quelques  differences  dans 
les  dispositions  adoptees,  et  l'influence  qu'elles  peuvent  avoir  sur 
les  depenses,  les  deux  ingenieurs  experiments  auxquels  les  pro- 
jets  precedents  ont  ete  demandes,  en  s'inspirant  des  principes 
adoptes  par  le  Comite  d'hygiene  et  du  service  des  h6pitaux,  sont 
parvenus  a  proposer  des  dispositions  assez  analogues  entre  elles 
et  a  renfermer  les  depenses  dans  des  limites  beaucoup  plus  res- 
treintes  qu'onne  l'avait  fait  jusqu'ici  pour  des  installations  aussi 
completes. 

Dispositions  proposees  pa?'  M.  D'Hamelincourt  pour  des  pavilions 

sans  corridor. 

Outre  le  projet  qu'il  a  r<$dige,  a  ma  demande,  pour  un  pavilion 
oil  un  corridor  servant  de  promenoir  serait  etabli  a  chaque 
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etage,  M.  D'Hamelincourt  a  propose,  pour  le  cas  ou  de  sem- 
blables  corridors  n'existeraient  pas,  les  dispositions  representees 
pi.  28,  fig.  4,  5  et  C. 

Le  plan  [fig.  6)  qui  est  scinde  en  deux  parties  represente,  par 
sa  moilie  de  droite  M,  la  disposition  correspondante  a  la  coupe 
suivant  ABCD  (fig.b  ),  et  par  sa  moitie  de  gauche  N,  celle  qui 
repond  a  la  coupe  A'B'C'D'  [fig.  4). 

Dans  le  premier  dispositif  [fig.  5  M  et  fig.  6) ,  le  chauffage  a 
lieu,  comine  dans  le  projet  precedent,  par  circulation  d'eau 
chaude,  au  moyen  de  tuyaux  qui  s'elevent  verticalement  dans 
des  gaines  a  a  a,  menagees  dans  l'epaisseur  des  trumeaux  entre 
deux  lits  et  particulieres  a  chaque  £tage.  Ces  gaines  pour- 
raient  etre  etablies  en  saillie  si  Ton  craignait  d'affaiblir  les 
murs.  L'introduction  de  l'air  chaud  et  celle  de  l'air  froid,  que 
Ton  voudrait  au  besoin  y  melanger,  out  lieu,  pour  le  premier, 
en  bas  des  conduits  par  des  orifices  ccc[fig.  5),  et,  pour  le 
second,  par  des  orifices  c'  c'  c'.  Tous  deux  arrivent  vers  le  pla- 
fond sous  une  inclinaison  convenable. 

Dans  le  dispositif  (fig.  6  N  et  fig.  4),  le  chauffage  a  encore 
lieu  a  l'aide  de  l'eau  chaude,  mais  elle  ne  circule  pas  dans  les 
conduits  et  se  rend  seulement  de  la  chaudiere  A  dans  des  poeles 
a  eau  ggg  places  dans  les  caves,  et  dont  chacun  est  destine  au 
chauffage  de  l'air  destine  a  un  meme  6tage. 

L'air  nouveau  devant,  dans  ce  cas,  affluer  par  le  bas  de  cha- 
que conduit,  celui  qui  doit  etre  chauffe  ne  peut  plus  Stre  pris 
par  des  ouvertures  menagees  dans  les  facades.  M.  D'Hamelin- 
court a  suppose  qu'il  serait  puise  par  Taction  de  l'appel  a  une 
hauteur  superieure  a  celle  du  batiment  au  moyen  d'une  che- 
min^e  C  (fig.  6)  placee  a  l'extremita  opposee  a  celle  ou  se 
trouve  la  cheminee  d'evacuation  B. 

L'air  introduit  par  cette  cheminee  C  gagne  deux  grands  con- 
duits hhh(fig.  4),  paralleles  aux  longues  faces  du  batiment, 
places  dans  les  caves,  construits  avec  soin  en  mortier  hydrau- 
lique  pour  les  mettre  a  Tabri  de  toute  infiltration.  Ces  conduits 
sont  parcourus,  dans  toute  leur  longueur,  par  les  tuyaux  d'ar- 
rivee  et  de  retour  Hi  de  l'eau  chaude,  sur  lesquels  sont  bran- 
chees  les  communications  avec  les  poules  g  g  g. 

Ce  dispositif  de  chauffage  par  circulation  de  l'eau,  dans  les 
parties  inferieures  du  batiment,  a  l'avantage  de  faire  disparaitre 
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les  craintes  de  fuites  susceptibles  d'alterer  les  mur9,  et,  sous  ce 
rapport,  il  pourra  convenir  a  quelques  administrations;  rnais  il 
ne  semble  pas  aussi  economique,  au  point  devue  de  l'utilisa- 
tion  de  la  chaleur  depensee,  que  celui  ou  toute  la  hauteur  des 
conduits  est  parcourue  par  des  tuyaux  remplis  d'eau  chaude, 
avec  lequel  les  fuites  sont  peu  a.  craindre,  quand  Ton  apporte 
le  soin  convenable  a  son  etablissement. 

On  remarquera  d'ailleurs  que  le  mode  de  prise  d'air  par  une 
cheminee  speciale  s'appliquerait  aussi  bien  k  l'autre  dispositif, 
ainsi  qu'au  premier  projet,  si  les  conditions  locales  le  faisaient 
juger  necessaire. 

Dans  le  dispositif  represente  pi.  28  (fig.  5M  et  6),  l'evacua- 
tion  de  l'air  vicie  se  fait  par  appel  par  en  bas. 

Au  rez-de-chaussee  [fig.  5  M  et  fig.  6),  l'air  vicie  est  aspire 
sous  le  milieu  des  lits  par  des  orifices  kkk  et  se  rend  dans  des 
conduits  horizontaux  ///,  paralleles  aux  facades,  lesquels  de- 
bouchent  dans  un  conduit  transversal  mm,  qui  mene  l'air  au  bas 
de  la  cheminee  generale  d'evacuation  B. 

Pour  le  premier  et  le  second  etage,  l'air  est  evacue  par  des 
orifices  places  derriere  chaque  lit  et  descend  par  des  con- 
duits nnn  (fig.  5  M  et  fig.  6),  menages  dans  les  trumeaux  ou  en 
saillie  vers  deux  carneaux  collecteurs  o  places  dans  les  caves  et 
qui  l'amenent  au  bas  de  la  cheminee. 

II  conviendrait  que  l'air  affluent  de  chaque  lit  et  de  chaque 
conduit  vertical  fut,  comme  dans  le  premier  projet,  isole  de 
celui  que  les  autresfournissent  par  des  languettes  disposeesdans 
tous  les  conduits.  Les  coupes  ne  l'indiquent  pas,  mais  cela  doit 
6tre  toujours  sous-entendu. 

De  mfime,  dans  la  cheminee  generale,  il  serait  convenable  que 
l'air  vicie  affluant  par  les  conduits  //  du  rez-de-chaussee  fut  se- 
pare,  au  moins  jusqu'a  5  ou  6  metres  de  hauteur,  de  celui  qui, 
par  les  conduits  oo,  places  plus  bas,  est  venu  des  etages  supe- 
rieurs. 

Dans  le  dispositif  (fig.  4  N  et  fig.  G),  le  mode  arlopk:  pour  la 
circulation  de  l'eau  chaude  a  permis  de  ne  conserver  pour  l'eva- 
cuation  de  l'air  vicie"  que  les  conduits  ooo,  pour  la  construction 
desquels  on  prendra  les  precautions  indiquees  ci-dessus. 

Les  deux  dispositions  proposees  par  M.  D'Hamelincourt  pour 
des  pavilions  sans  corridor,  et  dans  lesquels  la  ventilation  se 
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fait  par  appel  en  contre-bas,  ne  conduirarent  pas  a  une  depend 
plus  elevee  que  celle  du  premier  projet. 

Les  cheminees  d'evacuation  seraient,  dans  tous  les  cas,  sur- 
raontees  par  un  tuyau  tournant  a  girouette  pour  profiter  de 
Taction  que  le  vent  peut  exercer  a  Taide  de  cet  appareil  sur 
Tenergie  de  l'appel. 

Application  aux  petits  hdpitaux. 

Outre  les  dispositions  dont  je  viens  de  donner  la  description, 
j'en  ai  fait  etudier  deux  autres,  basees  toujours  sur  les  principes 
adoptes  par  le  Coraite  consultatif  d'hygiene  et  du  service  me- 
dical des  hdpitaux,  et  particulierement  relatives  aux  petits  h&pi- 
taux,  dans  lesquels  il  n'y  aurait  que  dessalles  de  huit  a  dix  lits. 
Les  conditions  d'economie  dans  lesquelles  de  semblables  hdpi- 
taux doivent  etre  etablis  m'ont  engage  a  faire  simplifier,  autant 
que  possible,  1'installation  des  appareils. 

Deux  projets  ont  ete  studies,  k  ma  demande,  par  M.  D'Hame- 
lincourt;  mais  dans  Tun  le  chauffage  est  obtenu  a  Taide  d'un 
calorifere  a  eau  chaude,  sans  circulation  exterieure,  etl'evacua- 
tion  de  Tair  vicie  des  salles  de  malades,  des  lieux  d'aisances  et 
de  la  cuisine  est  produite  par  appel. 

Je  crois  inutile  de  decrire  les  dispositions  adoptees,  et  qui 
sont  d'ailleurs  conformes  aux  principes  exposes  precedemment, 
et  je  me  bornerai  a  faire  connaitre  que  le  devis  des  depenses  a 
faire  pour  Tinstallation  et  la  fourniture  des  appareils  de  chauf- 
fage et  de  fumisterie  ne  s'elevait  pas,  pour  : 

Un  h6pital  de  seize  lits,  repartis  dans  deux 
salles,  a  plus  de   200  fr.  par  lit. 

Un  hdpital  de  vingt  lits,  repartis  dans  deux 
salles,  a  plus  de   180  fr.  — 

Un  autre  projet,  pour  un  h6pital  des  mt?mes  proportions,  dans 
des  localites  ou  le  prix  du  combustible  permettrait  Temploi  des 
cheminees  ventilatrices,  dont  les  efl'ets  ont  ete  etudies  au  Conser- 
vatoire, et  qui  sont  decrites  dans  le  n°  -18  des  Annates  de  cet 
etablissement,  comprenait,  outre  les  cheminees  eHablies  dans 
chaque  salle,  un  calorifere  general  a  air  chaud  destine  au  chauf- 
fage des  corridors,  des  abords  et  des  escaliers.  Le  devis  total  de 
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la  depense  de  fburnilure  et  d'installation  des  appareils  ne  mon- 
tait  qu'a  120  fr.  environ  par  lit. 

L'on  voit,  par  1' ensemble  de  ces  etudes,  que  le  chauffage  et  la 
ventilation  des  hdpitaux  peuvent  etre  obtenus,  soit  dans  les  eta- 
blissements  existants,  soit  dans  ceux  qui  seraient  a  construire, 
avec  des  depenses  beaucoup  moindres  que  celles  auxquelles  ils 
ont  donne  lieu  a  une  epoque  ou  la  question  avait  ete  moins 
etudiee  et  ou  l'art  n'avait  pas  encore  des  regies  assez  bien  eta- 
blies  d'apres  les  donnees  de  l'experience. 

En  terminant,  je  crois  devoir  rappeler  que  les  travaux  de 
maconnerie  relatifs  a  l'etablissement  des  grandes  cheminees  et 
des  conduits  principaux  ne  sont  pas  compris  dans  les  estima- 
tions precedentes,  mais  que,  quand  pour  des  constructions  nou- 
velles  on  aura  soin  d'executer  ces  travaux  en  meme  temps  que 
l'edifice  principal,  la  depense  qu'ils  occasionneront  sera  relati- 
vement  peu  considerable.  A.  M. 


FLAMBAGE 


DES  BOIS 


ET  DES  ROCHES 


5 


Par 


M.  A.  PAYEN. 


Dans  un  article  precedent  sur  l'assainissement  des  vaisseaux 
el  la  conservation  des  charpentes,  le  19  janvier  dernier  (n°  19  de 
ce  recueil),  nous  avons  decrit,  page  373,  un  appareil  invente  et 
construit  par  M.  Hugon  en  vue  de  realiser  en  grand  avec  econo- 
mic la  methode  du  flambage  des  bois  'de  M.  de  Lapparent 1. 
Pour  satisfaire  aux  demandes  qui  nous  ont  ete  faites  et  rendre 
plus  facile  a  comprendre  cette  description,  a  laquelle  d'ailleurs 
nous  n'avons  rien  a  cbanger,  nous  donnons  ici  le  dessin  exact 
de  cet  appareil,  avec  la  legende  explicative  des  pieces  qui  le 
composent;  nous  y  avons  ajoute  une  innovation  du  mfime  auteur 
qui  rend  plus  rapide,  plus  facile  et  plus  economique  de  main- 

1.  Paris,  26  avril  18BS. 


(i  J'ai  hi  avec  un  vif  inteifil  le  remarquable  Iravail  que  vous  avez  public  dans 
le  dernier  numdro  des  Annates  du  Conservatoire  des  arts  et  miliars,  sur  la  con- 
servation des  bois  ouvrds  par  une  lfgere  carbonisation  de  leurs  faces.  Je  suis 
tres-heureux  de  1'approbation  que  vous  avez  bien  voulu  donner  aux  proceeds  donl 
j'ai  fail  la  premiere  application,  dans  les  arsenaux  de  la  marine,  a  la  coque  de 
nos  frigates  cuirassdes;  mais  je  crois  devoir  vous  declarer,  atin  de  laisser  a  chacun 
ce  qui  lui  appartient,  que  le  chalumeau  fi  houille,  imaging  par  M.  Hugon,  n'esl 
pas  seulement  une  ingdnieuse  modification  du  cubilot  a  air  force"  qui  figure  dans 
mon  Mdmoire  sur  le  ddpdrissement  des  bois.  Un  examen  atlentif  de  ce  chalu- 
meau ,  tel  qu'il  fonctionne  avec  taht  de  succes  en  ce  moment,  m'a  ddmonln: 
qu'il  y  avait  une  difference  fondamenlale  entre  les  deux  appareils,  et  que  Pidde 
de  M.  Hugon,  qu'il  n'a  rendue  pratique  qu'a  la  suilo  de  longs  essais  et  de  beaa- 
.coup  de  ddpcnses,  est  originale  et  lui  appartient  en  propre. 

«  Je  vous  serais  tres-obligd  si  vous  vouliez  bien  faire  insurer  cette  rectification 
dans  le  prochain  numdro  des  Annates. 

ii  Veuillez  agrder,  Monsieur,  l'expression  de  mcs  sentiments  de  haute  consi- 
deration, «  De  Lapparent.  » 


«  Monsieur, 


J  i. 
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EXTRAIT  des  Mdmoires  de  la  Socitte"  des  Ingdnieurs  civils. 


Je  vais  exposerle  systeme  de  ventilation  par  l'air  comprime  dontnous 
nous  occupons,  MM.  Lehaitre,  Jullienne  et  moi,  depuis  bient6t  deux  an- 
nees  et  decrire  l'application  de  ce  systeme  actuellement  en  voie  d'exe- 
cution  au  Palais  de  l'Exposition  universelle  de  \  867. 

Aucune  publication  de  nature  technique  n'a  encore  6te  faite  relative- 
ment  au  nouveau  systeme  dont  il  s'agit. 

Quelques  journaux  en  ont  dejaparle;  mais  le  journal  le  Temps  est  le 
seul  qui  jusqu'a  present  ait  publie  quelque  chose  de  serieux  a  ce  sujet. 

Je  me  propose  d' exposer  moi-mfime,  avec  tousles  developpements  con- 
venables,  la  partie  theorique  et  experimentale  de  notre  systeme  dans  un 
ouvrage  special  dont  j'ai  deja  prepare  tous'les  elements,  et  queje  ferai  pa- 
raitre  des  que  les  proces-verbaux  et  les  resultats  des  experiences  faites 
dans  la  grande  cheminee  de  ventilation  des  amphitheatres  du  Conserva- 
toire des  arts  et  metiers  auront  ete  eux-memes  publies. 

En  attendant,  je  vais  avoir  l'honneur  de  vous  soumettre  un  resume" 
sommaire  de  la  theorie  du  nouveau  systeme,  ainsi  que  les  principaux 
resultats  des  experiences  faites  jusqu'a  ce  jour. 

Je  terminerai  cet  expose  par  une  description  de  l'application  qui  se 
prepare  au  Palais  du  Champ  de  Mars. 

J'ai  pense  que  quelques  experiences  demonstratives  auraient  pour 
vous  quelque  intcret.  Nous  les  avons  preparees;  elles  viendront  en  temps 
et  lieu. 

Avant  de  parler  de  la  nouvelle  application  de  l'air  comprime  a  la  ven- 
tilation, je  vous  demanderai  la  permission,  Messieurs,  de  dire  quelques 
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mots  des  deuxprincipaux  systemes  de  ventilation  actuellement  en  usage  ; 
c'est-a-dire  la  ventilation  par  l'appel  direct  de  la  chaleur,  et  celle  due  a 
Taction  directe  du  ventilateur  mecanique. 

VENTILATION  PAR  APPEL  DIRECT  DE  LA  CHALEUR. 

Vous  connaissez  tous,  Messieurs,  cet  effet  de  ventilation  qui  n'est  autre 
que  celui  qui  se  manifeste  dans  nos  cheminees  d'appartement. 

Je  me  propose  d'en  resumer  ici  la  theorie  d'une  maniere  fort  succincte ; 
et  je  renverrai  pour  plus  amples  informations  aux  ouvrages  de  M.  Peclet, 
et  surtout  aux  Etudes  sur  la  ventilation  de  M.  le  general  Morin. 

Si  Ton  considere  une  cheminee,  ou  conduit  vertical,  disposee  de 
facon  a  ce  que  l'air  puisse  rentrer  plus  ou  moins  librement  par  la  partie 
inferieure,  il  est  evident  d'abord  qu'il  n'y  aura  aucune  raison  pourqu'un 
courant  d'air  se  manifeste  dans  cette  cheminee,  soit  de  bas  en  haut,  soit 
de  haut  en  bas,  si  la  temperature  de  Fair  est  la  meme  au  bas  de  l'appareil, 
a  son  sommet  et  dans  tout  son  parcours. 

Mais  si,  par  un  moyen  de  chauffage  quelconque,  on  eleve  la  tempera- 
ture de  l'air  dans  l'interieur  de  la  cheminee,  l'air  exterieur  conservant 
la  mfime  temperature  en  bas  et  en  haut,  tout  le  monde  saitqu'un  courant 
ascendant  se  produira,  et  qu'il  y  aura  par  consequent  un  entrainement 
d'air  plus  ou  moins  considerable. 

La  cheminee  seraalors  transformed  en  appareil  de  ventilation. 

C'est  ce  qu'on  nomme  la  ventilation  pa?'  appel  direct  de  la  chaleur. 

Onremarquera  tout  d'abord  qu'un  tel  appareil  peutparfaitement  servir 
a  extraire  de  l'air  d'un  lieu  quelconque,  mais  qu'il  ne  peut  etre  employe 
a  refouler  de  l'air  frais  dans  une  salle,  attendu  que  dans  ce  systeme  l'air 
ne  peut  6tre  entraine  qu'a  la  condition  d'etre  echaune. 

La  vitesse  que  l'air  prend  dans  l'appareil  de  ventilation  par  appel  est 
evidemment  fonction  dela  difference  6  de  temperature  de  l'air  dans  l'in- 
terieur de  la  cheminee  et  de  l'air  exterieur  au  sommet  de  la  cheminee. 

La  theorie  et  1' experience  ont  demontre  que  cette  vitesse  etait  propor- 

tionnelle  a  \Jq. 

Si  done  on  designe  parw  la  vitesse  par  \"  de  l'air  a  son  passage  dans  la 
cheminee  supposee  cylindrique,  on  aura  l'equation  : 

n  =  A'  (1) 

A'  etant  un  coefficient  toujours  plus  petit  que  l'unite  et  dont  la  valeur 
variera  avec  les  dispositions  de  chaque  appareil. 

II  est  essentiel  de  remarquer  que  l'exactitude  de  cette  formule  pratique 
repose  surl'hypothese  d'une  egalite  parfaite  entre  la  temperature  de  l'air 
aspirda  la  base  dela  cheminee  et  de  l'air  exterieur  qui  entoure  le  sommet 
de  la  cheminee,  de  telle  sorte  que  si  Ton  supprimaitla  source  de  chaleur 


a  laquelle  est  duel'augmentation  de  temperature  e,  aucun  courant  ne  se 
produirait  dans  l'appareil. 

On  reconnait  d  priori  et  a  l'inspection  seule  de  cette  formule  pratique 
que  le  systeme  de  ventilation  par  appel  doit  §tre  tres-economique,  au 
point  de  vue  de  la  depense  de  combustible,  pour  de  petites  vitesses,  et 
tres-dispendieuseau  contraire  pour  de  grandes  vitesses. 

II  est  du  reste  facile  de  demontrer  que  cette  depense  de  combustible 
crott  proportionnellement  au  cube  de  la  vitesse. 

Soient : 

m  la  section  en  metres  carres  de  la  cheminee  supposee  cylindrique; 

<?  le  poids  d'un  metre  cube  d'air  au  moment  oil  il  entre  dans  la  che- 
minee pour  7.  etre  echauffe  et  entrain^; 

7  la  chaleur  specifique  de  l'air  a  pression  constante ; 

M  le  nombre  de  calories  communiquees  a  l'air,  a  sou  passage  dans  la 
cheminee,  par  chaque  unite  de  combustible  employe  pour  produire 
l'augmentation  de  temperature  9  ; 

n'  le  nombre  des  unites  de  combustible  depense  par  heure. 

II  est  evident  que  lenombrede  calories  totales  communique  a  Tair  a  son 
passage  dans  la  cheminee,  pendant  la  duree  d'une  heure,  est  represents 
d'une  part : 

par  la  quantite  M  X  n' ; 

et  d'autre  part  par  la  quantite  : 

wX  3,600  x  «X0  XiJXy! 

On  peut  done  poser  l'egalite  : 

E  X  u  X  6  X  9  X  7  =  M  X  n'  {%) 

en  faisant : 

a  x  3,600  =  E. 

Je  remplace  dans  cette  equation  0  par  sa  valeur  —  tiree  de  l'equation  (1 ) , 
et  j'obtiens  la  relation  : 

Em3   M  X  A'2 

n>   ~"TxT"  (  ) 

Dans  cette  equation,  les  quantites  E,  A'2,  3  et  y  sont  evidemment  con- 
stantes  pour  un  meme  appareil. 

La  quantite  M  peut  etre  £galement  consideree  comme  constante  dans 
certaines  limites. 

Cela  revienta  admettre  que,  dans  certaines  limites  de  consommation  dc 
combustible,  la  quantite  de  chaleur  utilisee  par  chaque  unite  de  com- 
bustible, au  profit  de  i'echauffement  de  l'air  entrame\  restera  la  meme. 


II  en  resulte  que  le  rapport  —  est  constant.  Ce  que  je  me  proposals  de 
demontrer. 

On  peut  done  enoncer  sous  forme  de  theoreme  pratique  la  proposition 
suivante  : 

Dans  un  appareil  quelconque  de  ventilation  par  appel,  la  depense  de  combus- 
tible est  proportionnelle  au  cube  de  la  vitesse  d'entrainement. 
Em3 

La  quantite  — T  qui  n'est  autre  que  le  nombre  de  metres  cubes  d'air 

entraine  dans  la  cheminee,  a  la  vitesse  d'un  metre,  par  chaque  unite  de 
combustible  consomme,  est  une  constante  qui  donne  la  mesure  de  la 
puissance  d'entrainement  d'un  appareil  quelconque  de  ventilation  par 
appel  direct  de  la  chaleur. 
Si  je  designe  cette  constante  par  C,  je  puis  poser  : 

w 

n  1  ' 

Le  volume  d'air  entraine  a  la  vitesse  u  par  chaque  unite  de  combustible 
sera  donne  par  l'equation  : 

On  peut  determiner  la  valeur  de  cette  constante  C  par  un  serie  d'expe- 
riences  et  meme  par  une  seule  experience  de  quelque  duree. 

Vous  savez  tous,  Messieurs,  que  la  grande  cheminee  de  ventilation  des 
amphitheatres  du  Conservatoire  peut  etre  citee  comme  un  des  appareils 
les  mieux  compris  pour  l'entrainement  del'air  par  Taction  directe  de  la 
chaleur. 

La  constante  C  y  acquiert  une  valeur  d' environ  2,700.  En  d'autres  termes, 
chaque  kilogramme  de  charbon  consomme  dans  le  foyer  etabli  a  la  base  de 
cette  cheminee  y  determine  l'entrainement  d'environ  2,700  metres  cubes 
d'air  a  la  vitesse  d'un  metre,  independamment  de  Taction  de  la  ventila- 
tion naturelle. 

La  valeur  de  E  correspondante  au  diametre  moyen  de  la  cheminee  qui 
est  de  2m.35,  etant  de  15,880,  il  en  resulte  qu'il  suffit  d'une  consomma- 
tion  moyenne  d'environ  5k.90  de  charbon  pour  extraire  des  amphi- 
theatres un  volume  d'air  de  \  5,880  metres  cubes  par  heure. 

C'est  assurement  un  beau  resultat  qui  est  du  a  Texcellente  disposition 
de  Tappareil  dont  les  grandes  sections  permettent  d'entrainer  un  grand 
volume  d'air  a  de  petites  vitesses. 

La  loi  pratique  que  je  viens  d'etablir  par  le  calcul  relativement  a  la  de- 
pense de  combustible  et  a  la  vitesse  d'entrainement  setrouve  verifiee  par 
des  experiences  faites  par  M.  le  general  Morin  lui-m&me. 

Je  veux  parler  ici  d'une  serie  d'experiences  au  nombre  de  huit  faites 
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dans  la  cheminee  de  la  direction  du  Conservatoire,  et  dans  lesquelles  le 
gaz  d'eclairage  a  et6"  employe"  comme  source  de  chaleur. 

Ces  experiences  sont  relates  dans  l'ouvrage  de  M.  le  general  Morin, 
Etudes  sur  la  ventilation,  1er  volume,  page  315.  Elles  remontent  aux  mois 
d'aout  et  septembre  1862. 


Voici  un  tableau  resume  de  ces  experiences  : 


Numeros 

VITESSES 

CUBES' 

MMKES  CUd&o 
de  gaz 

Din  n/~k*D 

UUo<  I  VCCO» 

consommes  par  heure 

Experiences. 

U3 

u 

n 

n 

m. 

met.  cub. 

1 

1.92 

7.08 

0.218 

32.5 

2 

2.65 

18.01 

0.333 

55.8 

3 

2.72 

20.12 

0.967 

20.8 

4 

3.95 

61.63 

2.636 

23.4 

5 

3.46 

41.42 

2.000 

20.7 

6 

3.84 

56.62 

2.500 

22.6 

7 

4.16 

71.99 

3.000 

23.9 

8 

4.34 

81.75 

3.478 

23.4 

Moyenne  des  six  dernieres  experiences   22.8 

En  laissant  de  c6t61es  deux  premieres  experiences  faitesavec  depetites 
quantites  de  gaz,  et  qui  paraissentanormales,  on  voit  que  les  six  dernieres 

u* 

donnent  des  resultats  assez  concordants  en  ce  qui  concerne  le  rapport  — 

n 

qui  varie  entre  20.7  et  23.9  et  dont  la  moyenne  est  22.8. 

Si  on  tient  compte  de  I'alea  des  experiences  de  ventilation,  on  verra 
dans  ce  resultat  une  verification  assez  remarquable  de  la  loi  pratique 
de\luite  precedemment  du  calcul. 

La  theorie  et  l'experience  s'accordent  done  pour  demontrer  que  dans 
un  appareil  de  ventilation  par  appel  direct  de  la  chaleur,  la  de'pense  du 
combustible  croit  proportionnellement  au  cube  de  la  Vitesse  d'entrainemcnt. 

En  resume,  ce  systeme  de  ventilation  n'est  applicable  qu'a  l'extraction 
de  l'air  vicie  d'une  salle,  et  il  n'est  r^ellement  avantageux  qu'avec  de 
petites  vitesses  d'entralnement.  Son  application  exigedonc  desgaleries  et 
cheminees  presentant  de  grandes  sections. 

D'apres  les  principes  de  la  theorie  mecanique  de  la  chaleur,  toutes  les 
calories  conserves  par  l'air  expulse  au  moment  ou  il  atteint  le  sommet 
de  la  cheminee  de  ventilation,  constituent  une  force  perdue.  La  force 
motrice  employee  a  l'entralnement  de  l'air  consiste  done  seulement  dans 
la  difference  entre  la  somme  des  calories  communiques  a  l'air  par  le 


foyer  installe  a  la  base  de  la  cheminee  et  celle  que  cet  air  conserve  au 
sommet  de  la  cheminee. 

De  cette  simple  observation  decoulent  deux  consequences  impor- 
tantes : 

1°  II  est  necessaire  de  donner  une  gran  de  hauteur  aux  eheminees  de 
ventilation,  afin  que  l'air  puisse  se  refroidir  le  plus  possible  dans  son 
trajet  vertical  par  la  cheminee; 

2°  Au  fur  et  a  mesure  que  la  vitesse  augmente,  le  refroidissement  est 
relativement  moins  considerable,  et  la  proportion  de  chaleur  conservee 
par  l'air  expulse,  c'est-a-dire  la  deperdition  de  force,  va  en  augmentant 
rapidement. 

Je  terminerai  cet  expose  par  une  derniere  remarque  : 

Le  probleme  de  la  ventilation  comporte  evidemment  deux  termes  : 
extraction  de  Fair  vicie  et  introduction  de  l'air  nouveau. 

Le  systeme  de  I'appel  ne  resout  que  le  premier,  sauf  le  cas  oil  l'air  nou- 
veau a  introduire  est  chauffe  par  un  calorifere. 

Ce  systeme  n'est  done  pas  complet  en  ce  sens  qu'il  ne  peut  assurer  la 
rentree  de  l'air  nouveau. 

II  y  a  des  cas,  il  estvrai,  comme  aux  amphitheatres  du  Conservatoire, 
oil  la  rentree  de  l'air  nouveau  s'effectue  librementet  sans  qu'on  aitbesoin 
de  recourir  a  aucun  moyen  artificiel  pour  le  refoulement  de  cet  air. 
Ainsi,  au  grand  amphitheatre  du  Conservatoire,  l'air  nouveau  rentre  par 
des  rosaces  pratiquees  dans  le  plafond  ;  il  est  pris  dans  un  vaste  grenier 
communiquant  avec  l'air  exterieur  par  une  large  ouverture.  Dans  de 
telles  conditions,  la  rentree  de  l'air  nouveau'est  immediate  et  cet  air  n'a 
aucune  resistance  a  vaincre  dans  son  parcours,  si  ce  n'est  toutefois  Tac- 
tion de  la  ventilation  naturelle  dela  salle. 

Mais  il  n'en  est  pas  de  raeme  dans  une  foule  duplications,  et  notam- 
ment  aux  nouveaux  theatres  Lyrique  et  du  Chatelet,  oil  l'air  nouveau  pris 
a  l'exterieur  est  oblige,  pour  rentrer  dans  la  salle  par  les  ouvertures me- 
nagees  a  cet  elfet,  d'effectuer  un  parcours  plus  ou  moins  long  dans  une 
suite  de  galeries  ou  de  gaines.  Cette  rentree  d'air  etant  loin  d'etre  imme- 
diate, comme  aux  amphitheatres  du  Conservatoire,  ne  fonctionne  pas  a 
beaucoup  pres  avec  la  regularite  et  l'energie  qu'on  esperait.  Aussi  l'air 
nouveau  rentre-t-il  de  preference  par  les  portes  des  loges,  ce  qui  est  un 
grave  inconvenient  pour  les  spectateurs. 

Je  ne  m'etendrai  pas  davantage  sur  le  systeme  de  ventilation  par  appel 
direct  de  la  chaleur,  et  je  dirai  maintenant  quelques  mots  sur  les  etfets 
de  ventilation  obtenus  avec  des  ventilateurs  raecaniques. 

VENTILATEURS  MECANIQUES. 

Vous  connaissez  tous,  Messieurs,  cet  appareil  qui  aspire  l'air  par  le 


centre  et  l'expulse  par  la  circonference  avec  une  vitesse  plus  ou  moins 
grande. 

Avec  un  ventilateur  simple,  la  vitesse  de  sortie  initiale  reste  en  general 
au-dessous  de  50  metres  par  1",  ce  qui  correspond  a  une  pression  de 
0m.1 3  d'eau. 

Avec  le  ventilateur  double  invente  recemment  par  M.  Perrigault,  inge- 
nieur-constructeur  a  Rennes,  on  peut  atteindre  une  vitesse  initiale  de  105 
alio  metres  correspondante  a  des  pressions  d'eau  de  0m.75  a  0m.80. 

Quand  le  ventilateur  est  employe  comme  machine  soufflante,  toute 
la  puissance  du  jet  d'air  comprime  fourni  par  l'appareil  est  utilisee. 

Mais  iln'enest  plus  de  meme  quand  on  emploiecet  appareilpour  pro- 
duire  un  elfet  de  ventilation.  L'appareil  peut  alors  proceder  par  refou- 
tement  oupar  aspiration. 

Dans  le  premier  cas,  comrae  on  ne  peut  pas  pratiquement  introduire 
de  l'air  dans  une  salle  avec  des  vitesses  de  50  metres,  il  faut  necessaire- 
ment  faire  detendre  Fair  comprime  par  le  ventilateur  dans  des  conduites 
dont  on  calcule  la  section  de  maniere  a.  ce  que  les  rentrees  d'air  s'effec- 
tuent  avec  la  vitesse  admise  pour  la  ventilation,  c'est-a-dire  avec  des 
vitesses  de  1  a  2  metres  par  seconde. 

L'air  fourni  par  l'appareil  est  alors  condamne  a  une  detente  sterile 
pour  passer  de  la  vitesse  initiale  a  la  vitesse  de  ventilation. 

Au  point  de  vue  mecanique,  l'operation  est  loin  d'etre  bonne.  On  peut 
la  comparer  a  celle  qui  consisterait  a  remonter  au  premier  etage  un  vo- 
lume d'eau  destine  auxbesoins  du  rez-de-chaussee. 

II  y  a  evidemment,  dans  cette  maniere  d'operer,  une  perte  de  force  qui 
est  d'autant  plus  grande  que  l'ecart  entre  la  vitesse  initiale  et  la  vitesse 
finale  de  ventilation  est  lui-meme  plus  considerable. 

Dans  le  cas  ou  l'appareil  procede  par  extraction,  l'inconvenient  d'une 
rentree  d'air  a  grande  vitesse  n'existe  plus,  il  estvrai;  mais  il  y  a  toujours 
une  perte  de  force  plus  ou  moins  considerable  provenant  de  ce  que  l'air 
expulse  est  lance  dans  l'atmosphere  avec  une  grande  vitesse. 

Ces  observations  nous  amenent  naturellement  a  la  conclusion  suivante  : 
c'est  que  les  ventilateurs  mecaniques  destines  a  la  ventilation  doivent 
6tre  etablis  de  maniere  it  diminuer  autant  que  possible  leur  vitesse 
initiale. 

11  convient  done  d'augmenter  leur  diametre  et  de  diminuer  leur  vitesse 
de  rotation;  mais  alors  le  rendement  de  l'appareil  diminue. 

Je  ne  crois  pas  inutile  de  faire  remarquer  ici  que  j'entends  par  le  ren- 
dement d'un  ventilateur  m6canique,  et  en  general  de  tout  appareil  de 
compression,  le  rapport  entre  la  force  vive  du  jet,  sortant  de  l'appareil 
exprime  en  chevaux-vapeur,  et  le  nombre  de  chevaux-vapeur  developpe 
par  le  moteur  qui  actionne  l'appareil. 

Pour  le  venlilateur  double  de  M.  Perrigault,  ce  rendement  peut  appro- 
cher  de50  p.  100. 
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Pour  les  ventilateurs  simples,  ce  rendement  est  beaucoup  moindre. 
Je  dois  vous  avouer  du  reste  que  jen'ai  pas  encore  pu  me  procurer  de 
renseignements  precis  sur  cette  question. 

Toutefois  la  communication  faite  ici,  a  la  dernierc  stance,  par  M.  Monthiers,  me  met 
h  mfime  de  calculer  le  rendement  d'un  veutilateur  mecanique,  ciii  par  cet  ingenieur. 

Je  veux  parler  du  ventilateur  a  force  centrifuge  de  lm,70  de  diametre  et  debitant  -4 mc . 5 7 
a  la  pression  du  0m.02  d'eau  par  1",  pour  une  consommalion  de  580  kilog.  de  charbon 
par  24  heures. 

On  a  eslime"  l'effet  utile  en  chevaux-vapeur  k  1°.27,  etla  force  motrice  depensee  a  4'.70, 
d'ou  Ton  conclut  au  rendement  de  27  p.  100. 
Je  crois  ce  calcul  entachfi  d'erreur. 

En  effet,  la  force  en  chevaux-vapeur  d'un  jet  h  la  pression,  de  0m.02  d'eau  et  debitant 
4mc.57  par  1",  est  bien  de  lc.27.  Mais  une  consommalion  de  580  kilog.  de  charbon  par 
24  heures,  soit  de  24".  17  par  heure,  correspond,  a  raison  de  2k.50  par  force  de  cheval 
et  par  heure,  1  une  force  motrice  de  9C.67  et  non  pas  de  4C.70. 

11  en  r6sulte  que  le  rendement  du  ventilateur  ne  serait  que  de  13  p.  100  au  lieu  de 
27  p.  100. 

Vous  savez,  Messieurs,  qu'ilexiste  des  applications  de  ventilateurs  m£- 
caniques  a  la  ventilation.  J'en  citerai  deux  seulement : 

Celle  de  l'h6pital  Lariboisiere,  pavilions  des  hommes,  et  celle  du  theatre 
des  Celestins  a  Lyon. 

A  l'hdpital  Lariboisiere  l'air  ext^rieur  est  refoule  dans  la  salle  des  trois 
pavilions  des  hommes  par  un  ventilateur  mecanique  mis  en  mouvement 
par  une  machine  a  vapeur.  Je  renverrai,  pour  la  description  des  appa- 
reils  et  les  nombreuses  experiences  faites,  aux  Etudes  sur  la  ventilation, 
de  M.  le  general  Morin,  1"  volume,  page  356  et  suivantes. 

Je  vais  me  borner  a  l'^nonciation  des  principaux  resultats : 

1°  L'air  refoule  penetre  dans  la  salle  par  despoeles  installes  sur  la  ligne 
centrale ; 

2°  La  vitesse  de  rentree  de  l'air  nouveau  par  ces  poeles  varie  entre 
0m.60  et  4  metre; 

3°  Le  volume  d'air  debite  par  heure  par  les  poeles  est  d' environ 
30,000  metres  cubes  pour  un  developpement  de  force  du  moteur  de 
1 0  chevaux. 

On  obtient  done  ainsi  un  refoulement  d' environ  3,000  metres  cubes  par 
force  de  cheval,  soitde  1 ,200  metres  cubes  par  kilogramme  de  charbon, 
en  admettant  une  consommation  de  charbon  de  2k.50  par  cheval  et  par 
heure. 

Ce  resultat  estinferieur  a  celui  des  amphitheatres  du  Conservatoire  que 
j'ai  cite  plus  haut. 

M.  le  general  Morin,  dans  son  ouvrage  deja  cite,  a  calcule  le  prix  de 
la  ventilation  annuelle  a  raison  d'un  metre  cube  par  heure,  y  compris 
interfits  et  amortissement  du  capital,  pour  diverses  installations. 


II  constate  ainsi : 

1°  Que  pour  les  pavilions  des  hommes  del'h6pital  Lariboisiere  ventiles 
mecaniquement,  le  prix  de  revient  est  de   2  fr.  43 

2°  Que  cem6me  prix,  pour  les  pavilions  des  femmes,  ventiles 
par  appel  direct  de  la  chaleur,  n'est  que  de   1  43 

Ce  qui  correspond  a  0  fr.  28  par  raille  metres  cubes  pour  le  premier 
cas,  et  a  0  fr.  \  6  pour  le  second. 

Ces  resultats  sont  une  nouvelle  preuve  de  l'inferiorite  du  systeme  de 
ventilation  mecanique  relativement  au  systeme  de  Pappel. 

Je  passe  maintenant  au  theatre  des  Celestins  de  Lyon. 

On  a  instable  dans  la  cave  de  ce  theatre  une  turbine  de  la  force  de 
2  chevaux  qui  active  un  ventilateur  mecanique. 

On  obtient  ainsi  un  refoulement  d'air  dans  la  salle  qui  a  ete  evalue 
a  environ  1 ,800  metres  cubes  par  heure,  par  une  commission  institute 
ad  hoc. 

Malgre  la  faiblesse  de  cet  efl'et  de  ventilation,  on  a  constate"  une  ame- 
lioration sensible  dans  l'etat  atmospherique  de  cette  salle. 

Ce  resultat  correspond  a  900  metres  cubes  par  cheval,soit  a  360  metres 
cubes  par  kilogramme  de  charbon. 

II  serait  done  notabiement  inferieur  a  celui  constate  ci-dessus  pour 
l'h6pital  Lariboisiere. 

Je  ne  crois  pas  utile  d'entrer  dans  de  plus  grands  details  sur  la  venti- 
lation mecanique ;  et  je  vais  aborder  maintenant  le  nouveau  systeme  de 
ventilation  par  l'air  comprime. 

VENTILATION  PAR  i/AIR  OOMPRIME. 

Messieurs,  vous  voyez  devant  vous  un  petit  appareil  de  ventilation  par 
l'air  comprime. 

11  se  compose  d'un  tuyauen  ferblanc  de  0m.20  de  diametre  et  de  lm.20 
de  longueur,  termine  par  un  pavilion. 

A  l'extremite  qui  porte  le  pavilion,  et  dans  la  direction  de  l'axe  du 
tuyau,  est  fixe  un  tube  de  petit  diametre  communiquant  avec  un  recipient 
d'air  comprime. 

Un  pas  de  vis  permet  de  fixer  au  bout  de  ce  tube  des  ajutages  de  dif- 
ferents  diametres. 

L'air  comprime  qui  sortira  par  l'ajutage,  va  former  par  sa  detente  un 
veritable  piston  gazeuxqui  poussera  devant  lui  l'air  contenu  dansle  tuyau. 
Cet  air  sera  remplace  par  de  l'air  nouveau  entrant  par  le  pavilion;  et  un 
courant  general  plusou  moins  rapide  va  se  manifester  dans  toute  la  sec- 
tion de  tuyau. 

L'air  comprime  joue  ici  le  r61e  de  moteur  direct  et  entraine  avec  lui 
une  masse  plus  ou  moins  considerable  d'air  atmospherique. 
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Je  designe  : 

Par  m  la  masse  d'air  comprirne  qui  sort  par  1"  de  l'ajutage; 
Par  V  la  vitesse  de  cet  air ; 

Par  U  la  vitesse  du  courant  d'air  qui  se  produit  dans  le  tuyau  en  avant 
du  jet; 

Par  M  la  masse  d'air  qui  sort  du  tuyau  par  \ ". 

Toute  la  theorie  de  la  ventilation  par  l'air  comprime  est  basee  sur  l'equa- 
tion  suivante : 

mV  =  MU.  (1) 

Je  designe  maintenant : 

Par  d  le  diametre  de  l'ajutage ; 
Par  D  celui  du  tuyau  ; 

Par  7r  la  pression  atmospherique  =  4  0,334k; 
Par  g  la  force  acceleratrice  de  la  pesanteur  =  9m.81  ; 
Par  J  le  poids  d'un  metre  cube  d'air  atmospherique; 
Par  p  le  nombre  d'atmospheres  effectives  de  la  compression  de  l'air 
moteur. 

J'aurai  les  relations  : 

XT  xpx*; 

et  MU  =  ^x-xU2; 

4  g 

j'en  tire  immddiatement  l'equation  : 

Pour  des  vitesses  d'entrainement  ne  depassant  pas  30  a  40  metres  et 
pour  la  meme  temperature,  on  peut,  sans  erreur  sensible,  considerer  & 
comme  constant. 
Mors  la  quantite 

(J 


sera  un  coefficient  constant  que  je  designerai  par  Ao. 

Pour  la  valeur  S=  \  k.24  qui  correspond  a  la  temperature  de  \  2°  moyenne 
generale  de  la  France  et  a  la  pression  barometrique  de  0m.76,  on  aura  : 


Ao=t/^<0,33tx9.8)=t0tt 
4 .24 


J'ecrirai  done  desormais  : 


U  =  AoX^XvV=  404.4X^XvV  (3) 
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Telle  est  l'equation  qui  donnela  vitesse  d'entrainement  dans  l'appareil 
qui  est  devant  vous  et  que  j'appelle  appareil  simple,  parce  que  la  conduite 
danslaquelle  se  fait  rentrainement  presente  un  minimum  de  longueur,  et 
que  je  puis  y  negliger  l'influence  des  frottements. 

Gette  equation  suppose  que  les  coefficients  de  contraction  de  l'air  com- 
prime  a  sa  sortie  de  l'ajutage  et  de  l'air  atmospherique  a  sa  rentree  par  le 
pavilion  sont  egaux  ;  ce  qui  a  sensiblement  lieu  dans  la  pratique. 

L'exactitude  de  la  formule  (3)  a  ete  verifies  par  une  serie  d' experiences 
faites  avec  le  concours  de  M.  Paul  de  Mondesir,  ingenieur  en  chef  des 
manufactures  de  l'Etat,  et  de  mes  collaborateurs  MM.  Lehaitre  et  Jul- 
lienne. 

Je  joins  ici  le  tableau  de  ces  experiences,  au  nombre  de  36. 

La  pression  de  l'air  comprime  moteur  a  varie  dans  des  limites  com- 
prises entre  0a.20  et  8a.85. 

Le  diametre  des  ajutages  a  varie  entre  0m.0003  et  0m.0025. 

Le  tuyau  qui  a  servi  aux  experiences  est  celui  qui  est  ici  devant  vous. 

Je  ne  presente  pas  cette  serie  d'experiences  comme  ayant  6te  faites  avec 
toute  la  precision  desirable  en  pareille  matiere. 

Mais  la  comparaison  des  vitesses  donnees  par  l'anemometre  avec  celles 
calculees  par  la  formule  (3)  ne  doitlaisser  aucun  doute  sur  l'exactitude  de 
cette  formule. 

En  effet,  les  differences  ont  varie  tantot  en  plus,  tant6t  en  moins. 

On  a  observe  15  differences  en  moins,  sur  la  vitesse  theorique,  dont  la 
moyenne  est  de  3  %,  et  21  differences  en  plus  dont  la  moyenne  est  de 
6  °/o- 

La  theorie  est  evidemment  ici  d'accord  avec  1' experience. 

Nous  allons  maintenant  faire  quelques  experiences  en  votre  presence 
avec  une  pompe  k  air  et  un  recipient  que  M.  Wiessnegg,  fabricant  d'ap- 
pareils,  a  bien  voulu  mettre  a  notre  disposition. 
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Tableau  des  experiences  faites  le  2  fevrier  1 866,  dans  une  conduiteen  fer-blanc 
de  0m.20  de  diametre  et  de  1m.20  de  longueur. 


o  Z 
B-g. 

4) 


W 

PS 
ca 
~.  - 

o . 

is 


UJ  5 
Hi 
?  ° 


w"3 


H 
U 
Ss 

w 
« 


1°  Ajutage  dr  01" .0005.  Duric  dc  ('experience  i'. 


a. 

in. 

m. 

1 

8.85 

875 

1  .76 

1.80 

—0.04 

2 

8.45 

850 

1.71 

1.76 

—0.05 

3 

8.30 

845 

1 .70 

1.74 

—0.04 

4 

8.20 

775 

1.55 

1.73 

—0.18 

5 

8.08 

750 

1.52 

1.72 

—0.20 

2°  Ajutage  dc  0m.000S 

Durcc  dc  ('experience  i'. 

6 

7.85 

1,425 

2.81 

2.83 

—0.02 

7 

7.70 

1,375 

2.72 

2.80 

—0.08 

8 

7.55 

1,375 

2.72 

2.77 

—0.05 

9 

7.50 

1,325 

2. hi 

2.70 

—0.14 

10 

7.45 

1,350 

2.05 

2.75 

—0.10 

5°  Ajutage  dc  0m.0007.  Durcc  de  l'cxpericncc  1'. 

11 

7.17 

1,920 

3.76 

3.78 

—0.02 

12 

6.45 

1,950 

3.82 

3.59 

+0.23 

13 

6.30 

1,925 

3.77 

3.54 

4-0 .23 

14 

6.05 

1,850 

3.62 

3.47 

-1-0.16 

IS 

5.80 

1,825 

3.58 

3.40 

-j-0 . 18 

4°  Ajutage  dc  0m.0009 

Puree  dc  I'cxpericncc  i'. 

16 

5.42 

2,200 

4.30 

4.23 

+  0.07 

17 

5.08 

2,175 

4.25 

4.09 

+  0.16 

18 

4.78 

2,075 

4.06 

3.97 

+0.09 

19 

4.50 

1,960 

3.84 

3.85 

—  0.01 

20 

4.20 

2,000 

3.91 

3.72 

+  0.19 

5°  Ajutage,  dc  0m. 000 1 .  Durcc  de  l'expcrienec  1'. 

21 

3.85 

2,140 

4.18 

3.96 

+  0.21 

22 

3.58 

2,050 

4.01 

3.81 

+  0.20 

23 

3.10 

1,875 

3.67 

3.55 

+0.12 

6°  Ajutage  dc  0m.0012.  Durcc  dc  l'expfrienee  1' 

+0.25 
+0.12 
+0.13 

7°  Ajutage  dc  OP.OOlIi.  Durcc  dc  I'cxpericncc  30". 


24 

2.80 

2,200 

4.30 

4.05 

25 

2.45 

2,000 

3.91 

3.79 

26 

2.15 

.  1,880 

3.68 

3.55 

27 

1.88 

1,175 

4.58 

4 

15 

+  0.43 

28 

1.68 

1,130 

4.41 

3 

92 

+  0.49 

29 

1.53 

950 

3.72 

3 

74 

—  0.02 

30 

1.35 

950 

3.72 

3 

52 

+0.20 

=  a. 

=  M 


9  g«3 

W  o  » 

g  a  - 


W 

£ 

g- 


2  B 


us 


8°  Ajutage  dc  0m. 0018.  Durcc  dc  ('experience  30". 

31 

32 
33 
34 

9°  Ajutage  dc  0m.002!>.  Durcc  dc  I'cxpericncc  30" 

+0.43 
+0.32 


a. 

m 

m. 

1.13 

950 

3. 

72 

3.85 

—0.13 

0.90 

830 

3. 

27 

3.44 

—0.17 

0.70 

830 

3. 

27 

3.04 

+0.13 

0.55 

750 

j_ 

96 

2.69 

+0.27 

35 

0 

40 

925 

1  3.62  1  3.19 

36 

0 

20 

650 

2.57  2.25 

OBSERVATIONS. 

La  temperature  de  la  salle  d'expgriences  6tait 
de  11°  1/2. 

La  pression  dans  le  recipient  etait  donnee  par 
un  manometre  metallique  Bourdon.  On  prenait 
la  moyenne  des  pressions  au  commencement  et 
a  la  fin  de  chaque  experience. 

La  formule  de  l'anemometre  6tait : 
V  =  0.08  +0.H5n. 

On  le  promenait  sur  le  pourtour  du  tube  de 
0m.20.  La  vitesse  variait  ggnfiralement  suivant  la 
position  de  1'instrument.  Cela  tenait  a  ce  que  les 
ajutages  nMtaient  pastoujours  parfaitement  diriges 
suivant  l'axe  de  la  conduite.  C'est  a  cette  cause 
qu'ondoit  attribuer  les  anomalies  qui  se  presentent 
parfois  dans  le  nombre  de  tours  observes. 

Les  diametres  des  ajutages  doivent  etre  consi- 
dgres  comme  parfaitement  exacts,  malgrC  leur  exi- 
guity, lis  ont  616  faits  par  M.  Teigny,  opticien, 
et  vdrifies  au  moyen  de  calibres  ou  aiguilles  dont 
les  diametres  ont  6t6  verifies  a  leur  tour  au  com- 
pas  Palmer. 

Dans  les  experiences  precddenles,  le  tuyau  de 
0m.20  n'6tait  pas  muni  dc  pavilion. 


La  formule  (3)  donne  immediatement  lieu  a  une  remarque  des  plus 
importantes.  C'est  qu'on  peut  obtenir  la  meme  vitesse  d'entrainement 
dans  le  meme  appareil,  soit  en  faisant  varier  la  pression,  soit  en  faisant 
varier  le  diametre  de  l'orifice  d'^chappement  du  jet  comprime  moteur, 
pourvu  que  le  produit  d\Jp  reste  le  m6me. 
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Ainsi,  dans  les  experiences  n08  41  et  31  du  tableau,  on  a  constate  sensi- 
blement  la  m6me  vitesse  d'entrainement  (3m.76et  3m.72)  avec  des  pressions 
de  7».17  et  de  1a.13,  et  avec  des  ajutages  de  (K0007  et  de  0m.0018  de 
diametre. 

Mais  les  forces  motrices  en  clievaux-vapeur  de  ces  deux  jets  sont  bien 
differentes,  ainsi  que  je  vais  le  ddmontrer. 

Soient  V  et  V  les  vitesses  de  sortie  des  deux  jets  d'air  comprime  aux 
pressions  effectives  p  et  p',  s'echappant  par  des  orifices  de  diametres  d  et 
d'  et  produisant  le  meme  effet  de  ventilation  dans  le  m6me  appareil : 

On  aura  d'abord  la  relation  : 

mV  =  ffl'V. 

La  force  motrice  en  chevaux-vapeur  du  premier  jet  sera  : 

mV2 


Celle  du  second  jet  sera 
et  leur  rapport  sera  : 


2X  75' 

m'Y'2 
2X75' 


V 
V 

Comme  elles  produisent  le  meme  effet  de  ventilation,  la  conclusion  est 
quit  y  a  avantage,  uu  point  de  vue  de  la  depense  de  force  motrice,  a  employer 
de  I' air  comprime  a  basse  pression. 

Je  me  reporte  maintenant  a  la  relation  fondamentale  : 

mV  =  MU. 

Si  je  designe  par  F  la  force  motrice  en  chevaux-vapeur  du  jet  d'air 
comprime,  laquelle  est  egale  k 

mV 
150' 

il  est  clair  que  je  puis  poser  l'egalite  : 

MU  _  MU  _  150 

mV2       F        V  '  (4) 


150 

Or,  on  a  : 


MU  =  tl><i2l£s=EU!x 


g  "  3,600' 

en  faisant  comme  precedemment  E  =  w  x  3,600.  • 
D'un  autre  cote  la  relation  : 

a  1*9* 
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donne  : 


9 


Ao- 


On  aura  done  en  definitive  : 


et 


150  X  3,600  x  Ao2 

2tt 


Le  second  membre  de  l'equation  (5)  est  une  quantite  constante  que  je 
designerai  par  Co  et  que  j'appellerai  la  constante  generate  de  la  ventilation 
par  l'air  comprime  dans  l'appareil  simple. 

Cette  constante  n'est  autre  que  le  volume  d'air  entraine,  dans  l'appa- 
reil simple,  a  la  vitesse  d'un  metre  par  chaque  cheval-vapeur  du  jet, 
multiplie  par  la  vitesse  de  sortie  de  cet  air. 

En  remplacant,  dans  l'equation  (5)  Ao2  et  2?r  par  leur  valeur  moyenne  : 


Le  volume  d'air  entraine,  dans  l'appareil  simple,  k  une  vitesse  quel- 
conque  U,  par  chaque  cheval-vapeur  dejet,  sera  done  donne  par  la  for- 
mule  : 


Ce  volume  variedonc  en  liaison  inverse  de  la  vitesse  d entrainement  U  et  de 
la  vitesse  V  de  l'air  comprime  moteur. 

E  U2 

L'equation  x  V  =  Co 

demontre  que  la  force  motrice  du  jet  croit  proportionnelleraent  au  carre 
de  la  vitesse  d'entrainement,  quand  la  vitesse  V  de  l'air  comprime 
moteur  est  la  mfime,  ou  ce  qui  revient  au  meme,  quand  la  pression  ft  ne 
varie  pas. 

Or,  la  force  motrice  du  jet  est  une  certaine  fraction  de  la  force  deve- 
loppee  par  le  moteur,  et  du  nombre  d'unites  de  combustible  consomme 
par  ce  moteur. 

Done  la  consommation  de  combustible  croit  comme  le  carre"  de  la  vi- 
tesse dans  la  ventilation  par  l'air  comprime,  tandis  qu'elle  croit  comme 
le  cube  de  la  meme  vitesse  dans  la  ventilation  par  appel. 


Ao2  =  163,539 
et  2*-=  20,668 

j'obtiens  pour  la  valeur  de  la  constante  Co. 

Co  =  4,272,840. 


(6) 
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La  theorie  que  je  viens  d'exposer  est  relative  a  rentrainement  de  l'air 
dans  V  appareil  simple. 

Mais  il  est  facile  de  voir  qu'elle  s'applique  a  un  appareil  quelconque. 

Je  vais  maintenant  considerer  un  appareil  quelconque  compose  d'un 
premier  reseau  de  conduites  dans  lequel  l'air  devra  6tre  aspire,  et  d'un 
second  reseau  dans  lequel  l'air  devra  6tre  refoule. 

J'intercalerai  l'appareil  simple  entre  ces  deux  reseaux. 

II  est  evident  que  la  vitesse  d'entrainement  u  qui  se  produira,  dans  ces 
conditions,  dans  le  trajet  de  l'appareil  simple,  sera  moindre  que  la  vitesse 
U  donnee  par  la  formule  (3). 

On  sait  d'avance  par  les  formules  donnees  par  les  hydrauliciens  et  en 
particulier  par  d'Aubuisson,  qui  s'est  occupe  specialement  de  l'etude  du 
mouvement  de  Fair  dans  les  conduites,  que  Ton  aura  dans  tous  les  cas 
que  Ton  pourra  considerer : 

U 

u  =  (8) 

K  etant  un  coefficient  plus  grand  que  l'unite  et  dont  la  valeur  tient 
compte  de  toutes  les  pertes  de  force  vive  dues  aux  frottements. 

Je  crois  inutile  de  reproduire  ici  la  theorie  de  d'Aubuisson  qui,  comme 
on  le  sait,  est  fondee  sur  ce  principe  :  que  les  pertes  de  charge  dues  aux 
frottements  dans  les  conduites  sontproportionnelles  auxcarresdesvitesses 
et  au  rapport  des  longueurs  des  conduites  a  leur  diametre. 

La  vitesse  d'entrainement  dans  un  appareil  quelconque  de  ventilation 
par  l'air  comprime  sera  done  donnee  par  la  formule  : 

ko     d  Tr 
U==KXDXVp-  (9) 

Le  coefficient  K  peut  se  calculer  d'avance  d'apres  les  dispositions  de 
l'appareil. 

Mais  1' experience  directe  en  donnera  toujours  plus  exactement  la  veri- 
table valeur. 

Si  Ton  designe  par  C  la  constante  generale  de  ventilation  dans  un  appa- 
reil dont  le  coefficient  est  K,  il  est  clair  que  Ton  aura  : 

^—  F  x  v  —  R2, 


'  C 

et  par  suite  K  =      — .  (1 0) 


Une  seule  experience  suffira  a  la  rigueur  pour  determiner  u  et  par  suite 
la  constante  C  et  le  coefficient  K. 

Je  ne  m'etendrai  pas  davantage  sur  la  partie  theorique  du  nouveau 
systeme  de  ventilation  par  l'air  comprime. 

Je  vais  maintenant  dire  quelques  mots  des  experiences  comparatives 
faites  dans  la  grande  chemin^e  de  ventilation  du  Conservatoire. 
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EXPERIENCES  COMPARATIVES  DU  CONSERVATOIRE. 

Ces  experiences,  qui  ont  eu  lieu  en  maietjuin  de  l'annde  derniere, 
sont  dues  a  l'initiative  de  l'honorable  et  savant  general  qui  dirige  ce  ma- 
gnifique  etablissement. 

M.  Tresca  les  a  dirigees  avec  cette  impartialite  que  tout  le  monde  con- 
nait. 

On  avait  installs  dans  l'axe  de  la  cheminee  et  a  5  metres  environ  au- 
dessus  du  fond,  un  appareil  injecteur  sur  lequel  on  vissait  des  ajutages 
dont  le  diametre  a  varie  entre  0m.01  et  0m.03.  La  pression  effective  des  jets 
a  varie  entre  2  atmospheres  et  0a.13. 

II  a  ete  impossible  d'experimenter  avec  des  pressions  plus  basses,  en 
raison  des  petites  dimensions  de  la  pompe  a  air. 

On  a  fait  ensuite,  comparativement,  la  grande  experience  par  le  feu 
dont  j'ai  deyk  eu  occasion  de  parler. 

M.  Tresca  n'a  pas  encore  publie  les  proces-verbaux  de  ces  experiences. 
Mais  je  suis  convaincu  qu'il  ne  trouvera  pas  mauvais  que  je  vous  en  fasse 
connaitre  ici,  d'une  maniere  sommaire,  les  principaux  resultats. 

Je  commencerai  par  la  grande  experience  de  ventilation  par  le  feu. 

Cette  experience,  faite  les  25  et  26  juin,  a  donne32h  1/2, 

Le  feu  etait  regie  de  maniere  a  maintenir  la  vitesse  d'entrainement  dans 
la  section  moyenne  de  la  cheminee  aux  environs  de  1 m.  45  par  1". 

La  moyenne  de  cette  vitesse  donnee  par  un  ane"mometre  totalisateur  a 
compteur  electrique,  a  etede  1m.432. 

La  consommation  totale  du  charbon  a  ete  de  417k.43,  ce  qui  donne  une 
moyenne  de  12k.84  par  heure. 

Mais  si  la  vitesse  a  ete  maintenue  dans  des  limites  assez  rapprochees 
de  la  moyenne,  il  n'en  est  pas  de  mSme  de  la  consommation  horaire  du 
charbon  qui  a  varie  entre  8k.16  et  20k.41. 

Ces  variations  notables  dans  la  consommation  du  combustible  par 
heure  tiennent  k  Taction  de  la  ventilation  naturelle. 

Si  on  ne  tenait  pas  compte  de  cette  action,  on  trouverait  pour  la  valeur 
de  la  constante  G,  relative  aT appareil  de  ventilation  du  Conservatoire  : 

G  =  E"3-15'880  X  M32)s_  3  577 
n'  .12.84 

Mais  il  est  evident  que  Taction  de  la  ventilation  naturelle  etait  d'autant 
plus  grande  que  la  consommation  de  combustible  etait  moindre,  et  reci- 
proquement. 

Pour  eliminer  autant  que  possible  Telfet  de  la  ventilation  naturelle,  il 
paralt  convenable  de  considerer  la  partie  de  Texperience  oil  la  consom- 
mation du  charbon  a  ete  le  plus  active. 

Le  tableau  de  cette  experience  indique  une  consommation  partielle  de 
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80k  de  charbon  entre  4h  et  8h45'  du  soir  du  25  juin  ;  ce  qui  donne  pour 
cet  intervalle  de  4h3/4  une  consommation  moyenne  de  16\84  parheure. 
La  vitesse  moyenne  observee  pendant  la  periode  considered  a  ete  de 

1".415. 

Si  done,  on  admet  que  dans  cette  periode,  l'effet  de  la  ventilation  na- 
turelle  puisse  etre  consideVe  comme  nul  ou  negligeable,  on  aura  pour  la 
constante  C,  une  seconde  valeur  qui  sera  : 

16.84 

II  me  parait  que  cette  derniere  valeur  de  la  constante  C,  que  j'ai  d£ja 
eu  occasion  de  citer,  est  celle  qui  se  rapproche  le  plus  de  la  verite,  parce 
qu'elle  ^limine  Taction  de  la  ventilation  naturelle. 

Je  la  prendrai  pour  terme  de  comparaison  avec  les  experiences  sur 
l'air  comprime  dont  je  vais  maintenant  parler. 

Leur  nombre  est  de  33. 

Je  ferai  remarquer  tout  d'abord  que  l'application  de  ce  systeme  permet 
d' observer  la  ventilation  naturelle  a  un  moment  quelconque.  En  effet,  la 
cheminee  n'etant  pas  chauffee,  il  suffit  pour  cela  d'interrompre  Taction 
du  jet  moteur. 

II  a  done  ete  possible,  pour  chaque  experience,  de  faire  la  correction 
due  a  la  ventilation  naturelle  observee. 
Cette  correction  faite,  on  arrive  aux  resultats  principaux  suivants  : 
1°  La  moyenne  generale  dela  constante  generale  C,  deduite  de  33  ex- 
periences, est : 

C  =  1,006,697; 

Ce  qui  donne  pour  le  coefficient  de  resistance  K  relatif  a  Tappareil  du 
Conservatoire  : 

/4,272,840 
K~y  1,006,697  -2'05' 

2°  La  moyenne  particuliere  de  C  relative  aux  4  experiences  faites  a  la 
pression  de  2  atmospheres  avec  Tajutage  de  0m. 01  est : 

C  =  1,044,367; 

3°  La  moyenne  particuliere  de  C  relative  aux  5  experiences  faites  k  hi 
pression  de  0M3  avec  Tajutage  de  0m.03  est : 

C  =  1,073,964. 

Ces  deux  derniers  resultats  permettent  d'^tablir  une  comparaison  entre 
le  systeme  de  l'appel  et  le  systeme  par  Tair  comprime  aux  pressions  ex- 
tremes de  2  atmospheres  et  de  0\13. 

La  vitesse  de  Tair  comprime  a  2  atmospheres  est  330. 

Celle  de  Tair  comprime'  a  0M3  est  137. 

2 
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Nous  aurons  done  pour  le  premier  cas  : 

C    _  Em'  1  ,044,367 

V  —  T"  —  330 

et  pour  le  second  : 

C   _  Em2  _  1,073,964 

V  —  ~T~  437 


3,165; 


7,839. 


Ainsi,  les  deux  series  d' experiences  faites  avec  les  pressions  extremes, 
(jl  =  2  et  p  =  0.13,  font  ressortir  un  entrainement,  a  la  vitesse  de  1m.00, 
et  par  cliaque  cheval-vapeur  du  jet,  de  3,165mc  pour  la  pression  de  2  at- 
mospheres et  de  7,839mc  pour  la  pression  de  0\13. 

Pour  comparer  ces  resultats  a  ceux  de  la  ventilation  par  le  feu,  il  faut 
remplacer  cliaque  cheval-vapeur  de  jet  par  son  equivalent  en  charhon. 

Pour  cela,  j'estimerai  d'abord  a  2k.50  la  consommation  horaire  de 
charhon,  representative  de  cheval-vapeur. 

J'estimerai  ensuite  a  0.60  le  rendement  d'une  bonne  pompe  a  air,  fonc- 
tionnant  dans  les  limites  de  pression  qui  lui  conviennent. 

J'aurai  alors,  en  designant  par  n  le  nombre  de  kilogrammes  de  charbon 
equivalent  a  cliaque  cheval-vapeur  de  jet  : 


Err     3,165  X  0.60  ' 
—  =  2M  =  760  P°Ur  *  =  2' 

Em3      7,839  X  0.60 

 —  a?n —  =  1  'm  P°ur  f  x  O-'13- 

n  2.50 


Ces  resultats  representent  le  volume  entraine,  a  la  vitesse  de  1m00,  par 
kilogramme  de  charbon  brule.  lis  demontrent : 

1°  Que  1'effet  de  ventilation  compare  au  developperaent  de  la  force  du 
moteur,  croit  au  fur  et  a  mesure  que  la  pression  de  Pair  comprime  di- 
minue,  indication  deja  donnee  par  la  theorie; 

2°  Qu'a  la  pression  de  2a,  et  meme  k  celle  de  0m.13,  le  systeme  de  l'air 
comprime  n'atteint  pas  le  resultat  du  systeme  de  l'appel,  dans  la  grande 
cheminee  du  Conservatoire,  pour  des  vitesses  d' entrainement,  qui  ne  de- 
passent  pas  1m.00  par  1". 

Mais  il  ne  faut  pas  oublier  que,  dans  le  systeme  de  l'appel,  la  con- 
sommation de  combustible  croit  proportionnellement  au  cube  de  la  vi- 
tesse, tandis  que  dans  le  systeme  de  l'air  comprime  elle  n'augmente  que 
proportionnellement  au  carre  de  la  vitesse. 

11  y  a  done  une  certaine  vitesse  d' entrainement  u0,  pour  laquelle  les 
deux  systemes  s'equilibrent  au  point  de  vue  du  combustible. 

Cette  vitesse  u0  est  donnee  par  l'equation  : 
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Appliquons-la  pour  les  valeurs  V  =  330  et  V=  137,  et  pour  la  valeur 
C'  =  2,671. 
On  aura  les  2  Equations  : 

n   760     2,671        ,         _  „, 
pour  P  =  2: —  =  — j-  ;  d  ou  u0  =  3m.b1 . 

pour  P=  0.43  :  1^  =  !^ZI;  d'ou u0  =  1  .-42. 

Ces  deux  vitesses  d'equilibre  sont  sensiblement  entre  elles  dans  le  rap- 
port des  nombres  330  et  137,  qui  expriment  la  vitesse  de  l'air  comprime 
aux  pressions  /*=2et  p  =  0.13,  conformement  aux  indications  de  la 
theorie. 

On  peut  done  conclure  de  la,  que  si  l'appareil  de  compression  qui 
servait  a  ces  experiences  eut  permis  d' experimenter  utilement  des  jets  a 
une  pression  inferieure  a  0a.13,  l'equilibreseseraitproduit  entre  les  deux 
systemes,  a  des  vitesses  inferieures  a  1m.00. 

J'ajouterai  en  terminant  que  la  grande  hauteur  de  la  cheminee  de 
ventilation  du  Conservatoire,  sa  conicite  et  la  presence  d'un  foyer  massif 
a  la  base,  sont  des  circonstances  qui  etaient  evidemment  defavorables  au 
fonctionnement  du  nouveau  systeme,  et  qui  ont  du  contribuer  a  en 
amoindrir  les  effets. 

Cette  situation  defavorable  m'etait  connue  d'avance;  mais  je  n'ai  pas 
hesite  un  seul  instant  a  l'accepter,  ayant  la  conviction  que  des  experiences 
faites  sur  une  grande  ecbelle  ne  pourraientmanquer  de  mettre  en  lumiere 
des  resultats  nouveaux  et  interessants. 

Je  profite  de  l'occasion  qui  m'est  offerte  ici  pour  remercier  MM.  les 
Directeurs  du  Conservatoire  de  la  liberate  hospitalite  qu'ils  ont  bien 
voulu  m'accorder. 


EXPERIENCES  SUR  UN  DES  SECTEURS  DU  PALAIS  DU  CHAMP  DE  MARS. 

Cet  essai  prealable  estdu  a  l'initiative  ^clairee  de  M.  Krantz,  ing^nieur 
en  chef  des  ponts  et  chauss^es,  directeur  des  travaux  du  Palais. 
M.  Krantz  avait  obtenu  de  la  Commission  imperiale,  pour  cet  essai,  un 
credit  de  3,000  fr.  sur  lequel  1 ,200  fr.  seulement  ont  ete  depens^s. 

Je  vous  demanderai,  Messieurs,  de  vous  indiquer  sommairement  les 
resultats  de  cette  experience  prealable  faite  en  octobre  dernier,  sous  la 
direction  de  M.  Tresca. 

Je  puis  le  faire  avec  d'autant  plus  de  libert6  que  M.  Tresca  a  r<$dige 
depuis  longtemps  et  remisa  la  Commission  imperiale  son  proces -verbal, 
dont  les  conclusions  favorables  ont  amene"  l'application  du  systeme  a  la 
ventilation  g^nerale  du  Palais. 

Vous  connaissez  probablement,  Messieurs,  les  dispositions  desgaleries 
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souterraines  d'aerage  du  Palais,  dispositions  tres-heureusement  combi- 
ners par  M.  Krantz  en  vue  d'une  ventilation  naturelle. 

Au  pourtour  exterieur  du  Palais  regne  une  grande  galerie  souterraine 
divisee  par  des  piliers  en  trois  travees  de  3  metres  de  largeur  chacune. 

Une  cloison  isole  completementles  deux  travees  les  plus  rapprochees 
du  centre,  lesquelles  sont  affectees  corame  caves  au  service  des  exposants 
de  la  classe  des  aliments.  La  travee  la  plus  eloignee  du  centre  est  re- 
served comme  galerie  d'aerage. 

Cette  galerie  communique  avec  l'air  exterieur  par  1 6  puils  d'aerage 
de  3  metres  de  diametre,  disposes  a  peu  pres  symetriquement  autour  du 
Palais  et  a  une  distance  d' environ  20  metres  de  la  marquise  exterieure. 

II  y  a  par  consequent  1  6  petites  galeries  souterraines  qui  reunissent 
les  puits  a  la  grande  galerie  circulaire  d'aerage. 

Pour  que  l'air  exterieur,  appele  d'abord  par  les  puits  dans  la  galerie 
d'aerage,  puisse  penetrer  dans  le  Palais,  M.  Krantz  a  etabli  16  galeries 
rayonnantes  correspondantes  aux  16  allees  rayonnantes  du  Palais.  II  a 
eu  soin  toutefois  de  ne  pas  placer  la  galerie  souterraine  directement  au- 
dessous  de  l'allee  rayonnante,  afin  que  la  voute  de  cette  galerie  qui  est 
construite  en  beton  Coignet,  etdontl'epaisseur  a  laclefn'estque  de  0m.1S, 
n'eut  point  a  supporter  les  charges  des  transports.  L'axe  de  la  galerie 
rayonnante  est  toujours  situe  a  droite  de  celui  de  l'allee  quand  on  re- 
garde  le  centre  du  Palais. 

Chacune  des  16  galeries  souterraines  rayonnantes  penetre  sous  le  Palais 
sur  une  longueur  de  120  metres,  c'est-a-dire  jusqu'a  l'allee  de  circulation 
la  plus  voisine  du  centre. 

Vous  savez,  Messieurs,  que  ces  allees  de  circulation  sont  au  nombre 
de  3,  et  qu'elles  sont  traeees  suivant  des  circonferences. 

Au  droit  de  chacune  de  ces  allees,  la  galerie  souterraine  rayonnante 
presente  des  branchements  circulates  situes  immediatement  en  dessous 
des  allees  de  circulation. 

Ces  branchements  ne  sont  pas  continus  comme  les  allees;  ils  forment 
impasse,  de  telle  sorte  que  chaque  secteur  souterrain  compose  d'une 
galerie  rayonnante  et  de  trois  portions  de  galeries  circulaires  se  trouve 
completement  isole  de  ses  deux  voisins  et  peut  fitre  ventile  d'une  ma- 
niere  independante. 

L'ensemble  de  ces  dispositions  est  complete  par  l'installation  de  grilles 
en  bois  ou  caillebotis,  qui  mettent  Pair  des  galeries  souterraines  circu- 
laires en  communication  directe  avec  les  allees  de  circulation. 

Telles  sont  en  substance  les  dispositions  executees  par  M.  Krantz  dans 
le  but  d'aerer  le  Palais  par  Taction  de  la  ventilation  naturelle. 

Cet  habile  ingenieur  avaitegalementen  vue,  dans  l'etablissement  de  ce 
r^seau  souterrain  a  grande  section,  de  pouvoir  y  placer  des  conduites 
d'eau  et  de  gaz  et  de  les  faire  servir  au  besoin  a  la  desserte  du  Palais. 

Malgre  Thabilete  incontestable  qui  a  preside  a  ces  installations  sou- 
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terraines,  je  ne  sais  jusqu'a  quel  point  un  effet  de  ventilation  naturelle 
appreciable  se  serait  produit  par  les  caillebotis.  II  est  probable  que  les 
rentrees  d'air  auraient  eu  lieu  de  preference  par  les  baies  de  l'edifice. 

Mais  il  est  incontestable  que  ces  dispositions  se  present  pafaitement 
a  une  application  de  ventilation  par  Fair  comprime.  II  suffit,  en  effet, 
pour  cela,  d'installer  un  jet  moteur  dans  chacune  des  galeries  rayonnantes. 
Ce  jet  aspirera  l'air  de  la  galerie  d'aerage  et  le  refoulera  dans  le  Palais 
paries  caillebotis  des  allees  de  circulation. 

L'air  vicie  ou  echauffe  qui  tend  naturellement  a  s'elever  de  bas  en  haut, 
sortira  par  les  persiennes  menagees  dans  la  toiture  des  galeries  d' expo- 
sition. 

Cette  description  rapide  du  reseau  souterrain  du  Palais  etait  neces- 
saire  pour  l'intelligence  des  experiences  faites  et  de  l'application  qui  se 
prepare. 

Les  experiences  ont  eu  lieu  sur  le  secteur  n°  3. 

Je  me  suis  propose,  dans  cet  essai,  d' experimenter  des  jets  d'air  corn- 
prime  a  tres-basse  pression,  et  au  lieu  de  prendre  la  pompe  a  air  qui 
avaitservi  aux  experiences  du  Conservatoire,  j'ai  prefere  employer  comme 
appareil  de  compression  un  ventilateur  double  du  systeme  deM.Perri- 
gault,  ingenieur-constructeur  a  Rennes.  Ce  ventilateur  a  ete  mis  tres- 
obligeamment  a  ma  disposition  par  MM.  Farcot  pere  et  fils.  M.  Ernest 
Gouin  en  a  fait  de  meme  pour  la  locomobile  qui  avait  deja  fourni  sa  force 
motrice  pour  les  experiences  du  Conservatoire. 

On  a  essaye  successivement  des  jets  de  0m.07,  0m.10  et  0m.1 22  de  dia- 
metre. 

La  pression  effective  de  l'air  comprime  mesuree  par  un  manometre  a 
eau  place  sur  un  renflement  de  la  conduite  a  varie  entreles  limites  de  0m.23 
et  de  0m.65  de  bauteur  d'eau. 

Les  jets  etaient  installes  au  centre  de  gravite  de  la  galerie  rayonnante 
et  tout  pres  de  son  origine. 

Les  experiences  se  divisent  en  deux  series,  suivant  que  les  caillebotis 
etaient  enleves  ou  en  place. 

Huit  experiences  ont  ete"  faites  sans  caillebotis,  et  huit  avec  caille- 
botis. 

La  valeur  moyenne  de  la  constante  C  pour  les  huit  premieres  expe- 
riences est  de   3,916,678 

Ce  qui  donne  pour  le  coefficient  K,  quand  les  grilles  sont 
enlevees  : 

K  =  1.09. 

La  valeur  moyenne  de  la  constante  C  pour  les  huit  der- 
nieres  experiences  est  de   2,552,593 

Ce  qui  donne  pour  le  coefficient  de  resistance  K,  quand  les  grilles  sont 
en  place  : 

K  =  1.30. 
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Ces  deux  valeurs  do  K  sont  probablemcnt  trop  faibles. 

La  cause  ne  saurait  6tre  attribute  a  la  ventilation  naturelle  dont  I'm-' 
fluence  a  etereconnue  negligeable. 

II  faut  la  recbercher  dans  les indications  du  manometre  a  eau,  installe 
sur  un  simple  renflement  de  la  conduite  d'insufflation  du  ventilateur 
double,  et  qui  pour  cette  raison  etaient  probableraent  trop  faibles. 

En  effet,  Messieurs,  si  vous  voulez  bien  vous  reporter  a  la  formule  (9) 

A0     d  i 

vous  reconnaitrez  immediatement  que  la  valeur  de  la  vitesse  u  etant 
donnee  directement  par  l'observation,  s'il  y  a  erreur  en  moins  sur  l'ob- 
servation  de  la  pression  ±>.,  le  coefficient  K  doit  etre  entache  lui-meme 
d'une  erreur  en  moins. 

Ce  qui  nous  a  confirme,  M.  Tresca  et  moi,  dans  cette  opinion,  c'est  que 
le  rendement  du  ventilateur  double  Perrigault,  calcule  d'apres  les  pres- 
sions  ^  observees,  n'a  £te  trouve  que  de  0.40  en  moyenne,  tandis  qu'on 
est  fonde  a  croire  que  ce  rendement  est  superieur. 

Quoi  qu'il  en  soit,  l'erreur  sur  le  rendement  du  ventilateur  n'a  eu  au- 
cune  influence  sur  l'observation  du  volume  d'air  entraine  a  diverses 
vitesses  par  force  de  cbeval-vapeur  du  moteur. 

En  efl'et,  la  locomobile  qui  a  fourni  la  force  motrice  avait  ete  essayee 
au  frein  au  Conservatoire  et  pour  ainsi  dire  taree  d'avance. 

On  pouvait  done  determiner  directement  la  force  developpee  dans 
chaque  experience,  par  l'observation  dela  pression  absolue  de  la  chau- 
diere  et  du  nombre  de  tours  du  volant,  l'orifice  d'admission  de  la  vapeur 
dans  le  cylindre  etant  ouverten  grand. 

Les  resultats  interessants  a  citer  ici  sont  ceux  relatifs  aux  huit  der- 
nieres  experiences,  parce  que  les  conditions  dans  lesquelles  elles  ont  ete 
faites  se  rapprochent  autant  que  possible  de  celles  de  Tap  plication. 

Je  resume  ces  experiences  dans  le  petit  tableau  ci-apres  : 


—  23  — 


S5 
1. 


Diametre 
des  jets 
mo  teurs. 


m. 

0.07 
0.07 
0.07 
0.07 
0.10 


122 
122 


0.122 


Vitesse 
d'entraine- 
ment. 
u 


1.91 


28 
10 
,26 
47 
60 
50 
54 


Force en chevaux 

developpie 
par  Ie  moteur. 
F* 


7  .29 
2.83 
2.04 
2.08 
10.55 
9.17 
8.86 
9.00 


Moyennes . 


Volume  entraine 
a  la  vitesse  u 
par 

cheval-vapeur 
du  moteur. 
Em 

~1>>~ 
s. 


metres  cubes. 

5,665 
9,777 
11,647 
13,085 
5,049 
6,133 
6,090 
6,096 


7,943 


Volume  entraine 
a  la  vitesse 
'Win  metre  par 
cheval-vapeur 
du  moteur. 
Ett5 
~W 
6. 


metres  cubes. 
10,820 

12,515 
12,812 
16,487 
12,471 
15,946 
15,225 
15,484 


13,97  0 


Volume  entraine 
a  la  vitesse 

de  lm.00  par  kil. 
de  charbon. 

EuJ 
n 
7. 


metres  cubes. 

4,328 
5,006 
5,125 
6,595 
4,988 
6,378 
6,090 
6,194 


5,588 


Les  chiffres  des  cinq  premieres  colonnes  sont  extraits  du  rapport  de 
M.  Tresca.  Ceux  des  deux  dernieres  colonnes  s'en  deduisent. 

Vous  voyez,  Messieurs,  que  la  moyenne  de  l'entrainement  par  cheval- 
vapeur  du  moteur,  a  la  vitesse  de  1  metre,  est  de  13,970  metres,  et  que 
cette  moyenne  par  kilogramme  de  charbon  est  de  5,588. 

Ce  resultat  remarquable  tient  a  l'emploi  de  jets  d'air  comprime  a  tres- 
basse  pression. 

M.  Tresca,  voulant  se  rendre  compte  de  la  repartition  de  l'air  dans 
chacune  des  trois  galeries  souterraines  circulaires,  a  faitmesurer  avecun 
anemometre  amain  la  vitesse  a  l'entree  de  ces  trois  galeries. II  a  reconnu 
ainsi,  comme  il  le  fait  remarquer  dans  son  proces-verbal,  que  cette  re- 
partition etait  sensiblement  proportionnelle  au  nombre  des  caillebotis. 
Chacun  de  ces  orifices  d'admission  debite  done  a  peu  pres  le  m£me 
volume  d'air. 

Cela  tient  a  ce  que  la  somme  des  sections  libres  des  caillebotis  d'un 
secteur  est  sensiblement  egale  a  la  section  de  la  galerie  rayonnante  dans 
laquelle  s'opere  le  refoulement. 

Tels  sont  en  substance  les  resultats  des  experiences  prealables  faites 
sur  le  secteur  n°  3. 

Leur  importance  ayant  frappe  M.  le  commissaire  general,  j'ai  ete  in- 
vite* par  ce  haut  fonctionnaire  a  etudier  de  suite  un  projet  pour  l'appli- 
cation  du  nouveau  systeme  au  Palais,  en  collaboration  avec  M.  Cheysson, 
ingenieur  des  ponts  et  chaussees,  chef  du  service  du  6°  groupe. 

C'est  ce  projet  qui  a  ete  approuve  par  la  Commission  imperiale,  qui  est 
aujourd'hui  en  voie  d'execution,  et  dont  je  vais  maintenant  avoir  l'hon- 
neur  de  vous  entretenir. 
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APPLICATION  AU  PALAIS  DU  CHAMP  DE  MARS. 

L'application  dont  il  s'agit  eraploiera  une  force  totale  de  1 05  chevaux 
repartie  en  quatre  centres  de  force  molrice  autour  du  Palais.  Gette  force 
sera  n^cessaire .pour  produire  dans  la  galerie  rayonnante  une  vitesse 
d'entrainement  de  2  metres  par  seconde1. 

La  vitesse  de  2m  par  1"  correspond  a  un  refoulement  d'air  total  de 
700,000  metres  cubes  environ  par  heure. 

En  effet,  si  vous  voulez  bien  vous  reporter  a  la  moyenne  d'entraine- 
ment par  force  de  cheval  a  la^vitesse  d'un  metre,  que  les  experiences  ont 
faitressortir  au  cbiffre  de  13,970  metres  cubes,  il  est  evident  que  pour  la 
vitesse  de  2  metres,  cet  entrainement  moyen  sera  reduit  a  la  moitie  de 
ce  chiffre,  soit  a  6,985  metres  cubes. 

Pour  tenir  compte  de  l'augmentation  de  resistance  qu'on  rencontrera 
probablement  dans  l'application,  je  reduis  ce  dernier  chiffre  a  6,700 
metres  cubes. 

Je  trouve  ainsi  : 

6,700nic  X  105  =  703,500"". 

La  force  motrice  etant  proportionnelle  au  carre  de  la  vitesse  d'en- 
trainement, il  suffirait  de  25  2t  26  chevaux  pour  produire  la  vitesse  de 
1  metre  dans  les  galeries  rayonnantes,  et  pour  obtenir  un  refoulement 
d'air  de  350,000  metres  cubes  par  heure. 

Cette  derniere  combinaison  donnerait  au  moins  1.0  metres  cubes  d'air 
par  visiteur  et  par  heure,  et  assurerait  convenablement  l'expulsion  de  la 
proportion  d'air  vicie. 

Mais  cen'est  pas  la  le  seul  but  qu'on  doit  se  proposer  dans  la  venti- 
lation d'un  edifice,  qui  en  raison  de  sa  forme  et  de  son  mode  de  con- 
struction, sera  particulierement  expose  a  la  reverberation  des  rayons  so- 
laires.  La  chaleur  absorbee  par  la  toiture  tendra  k  echauffer  la  masse 
d'air  interieure,  en  se  propageant  de  haut  en  bas. 

C'est  pour  combattre,  autant  que  possible,  cette  cause  d'elevation  de 
la  temperature  interieure  que  le  projet  de  ventilation  a  ete  base  sur  une 
vitesse  d'entrainement  de  2  metres  dans  les  galeries  rayonnantes,  et  par 
consequent  sur  l'emploi  d'une  force  motrice  d'au  moins  1 00  chevaux- 
vapeur. 

Le  premier  centre  de  force  motrice  que  Ton  rencontre  en  partant  du 

1.  Au  moment  ou  le  projet  de  ventilation  a  616  mis  sur  le  tapis,  il  n'tSlail  pas  Ires-facile 
d'improviscr  une  force  motrice  de  105  chevaux,  r6partie  aussi  e"galenient  que  possible  au- 
tour du  Palais. 

Mais  M.  Cheysson,  qui  a  la  force  motrice  du  Palais  dans  ses  attributions,  arfisolu  ce  pro- 
blemc  tres-habilemenl  et  trcs-heureusement 
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pont  d'lena  et  en  tournant  a  gauche,  se  compose  (Tune  locomobile  de 
1 5  chevaux  actionnant  deux  ventilateurs  doubles  semblables  a  celui  qui 
a  servi  aux  experiences  prealables. 

Cette  installation  se  fait  dans  le  pare,  a  c&te  de  la  chaudiere  de 
MM.  Chevalier  etDuvergier,  deLyon. 

Les  ventilateurs  sont  fournis  par  M.  Perrigault  lui-meme;  et  l'instal- 
lation  est  faite  par  MM.  Farcot  pere  et  fils,  proprietaires-constructeurs  de 
la  locomobile. 

Ce  premier  centre  alimentera  deux  jets  d'air  comprime  et  ventilera  les 
secteurs  nos  3  et  4  du  Palais. 

Le  deuxieme  centre  de  force  motrice  est  situe  dans  l'interieur  du  bati- 
ment  annexe  de  la  chaudiere  beige.  II  consiste  dansun  exhausteur  a  gaz 
a  3  cylindres  de  0m.80  de  diametre  et  de  0m.70  de  course,  actionnes  par 
un  cylindre  unique  a  vapeur.  Cet  appareil  de  compression  est  installe  par 
M.  Gargan,  constructeur  de  machines  a  Paris.  II  estdu  meme  modele  que 
ceux  qui  fonctionnent  a  l'usine  a  gaz  dela  Villette,  a  la  grande  satisfaction 
de  la  Compagnie  parisienne,  et  qui  sont  dus  a  ce  constructeur. 

La  force  motrice,  estimee  a  25  chevaux,  sera  prise  directement  sur  la 
chaudiere  beige. 

Ce  deuxieme  centre  alimentera  4  jets  et  ventilera  les  secteurs  nos  5, 6, 
7  et  8  du  Palais. 

Le  troisieme  centre  est  situe  dans  l'interieur  meme  de  la  grande  ga- 
lerie  des  machines,  section  des  Etats  de  l'Allemagne  du  Sud.  L' appareil 
de  compression  se  compose  de  2  grands  ventilateurs  doubles  Perrigault, 
qui  empruntent  une  force  motrice  de  25  chevaux  sur  l'arbre  de  couche 
du  Palais. 

Les  choses  sont  disposees  de  facon  k  ce  que  Pair  aspire  et  comprime 
par  les  ventilateurs  sera  emprunte  a  la  galerie  d'aerage  et  non  point  [k 
l'atmosphere  de  la  galerie  des  machines. 

C'est  encore  MM.  Farcot  pere  et  fils  qui  sont  charges  de  cette  instal- 
lation. Toutefois,  les  ventilateurs  sont  construits  par  M.  Perrigault  lui- 
meme. 

Le  troisieme  centre  alimentera  4  jets  moteurs  et  est  destine  a  la  ven- 
tilation des  secteurs  nos  9,  10,  11  et  12. 

Enfin  le  quatrieme  centre,  dont  la  force  est  de  40  chevaux-vapeur, 
s'installe  sur  un  terrain  situe  dans  leParc,  vis-a-vis  dela  section  anglaise. 

MM.  Gauthier  et  Philippon,  constructeurs  a  Paris,  sont  charges  de  cette 
installation  qui  se  composera  d'une  machine  demi-fixe,  du  systeme  de 
M.  Philippon,  et  de  deux  cylindres  a  air  ou  machines  soufflantes  dont  le 
diametre  est  de  1m.20  et  la  course  de  0m.80. 

Ce  quatrieme  et  dernier  centre  alimentera  6  jets  moteurs  et  ventilera 
les  secteurs  n0"  1 3,  1 4,  1 5,  1 6,  1  et  2. 

Telles  sont  les  dispositions  prises  pour  la  production  de  Pair  corn- 
prime. 
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Le  volume  qui  sera  ainsi  comprime  par  heure  par  ces  quatre  centres 
de  force  motrice  developpant  toute  leur  puissance,  sera  de  30  a  35,000 
metres  cubes,  sous  des  pressions  effectives  variant  entre  0m.30  et  0m.80 
de  hauteur  d'eau. 

Pour  conduire  l'air  comprime  aux  orifices  des  \  6  jets  moteurs,  on  doit 
poser  des  conduites  en  t61e  bitum^e  du  systeme  Chameroy. 

Ces  conduites  forment  4  reseaux  distincts  correspondants  aux  4 
centres  de  force  motrice. 

La  conduite  maitresse  de  chaque  reseau  a  naturellement  son  point  de 
depart  au  recipient  de  chaque  centre  et  est  dirigee  d'abord  sur  le  puits 
d'aerage  le  plus  voisin.  Elle  s' engage  ensuite  dans  la  galerie  d'aerage 
ou  elle  se  bifurque  au  besoin,  pour  aboutir  aux  jets  moteurs. 

Le  diametre  de  ces  conduites  varie  entre  0m.60  et  0m.30. 

Vous  comprenez,  Messieurs,  qu'en  raison  de  la  faible  pression  de  l'air 
comprime,  il  etait  necessaire  de  le  faire  circuler  a  petite  vitesse  dans  de 
grands  diametres  pour  diminuer  autant  que  possible  les  pertes  de 
charges. 

Ces  diametres  ont  ete  calculus  de  facon  a  ce  que  la  moyenne  de  la 
perte  de  charge  sur  le  jet  moteur  ne  depasse  pas  2  a  3  centimetres 
d'eau. 

Pour  pouvoir  modifier  a  volontc  la  section  de  l'orifice  de  sortie  de  l'air 
comprime,  et  par  suite  la  vitesse  d'entrainement  dans  les  galeries  rayon- 
nantes,  au  lieu  de  se  servir  d'ajutages  mobiles,  comme  dans  les  expe- 
riences du  Conservatoire  etdu  Champ  deMars,  on  installera  un  appareil 
injecteur  a  disque  demasquant  4  secteurs  disposes  symetriquement  par 
rapport  a  l'axe  de  l'appareil. 

Cet  appareil  injecteur,  qui  est  construit  parlamaison  Gouin  etqui  a  ete 
specialement  etudie  par  M.  Fouquet,  ingenieur  attache  a  cette  maison, 
porte  un  cadran  sur  lequel  une  aiguille  indique  la  section  demasquee 
dont  le  maximum  peut  aller  jusqu'a  \  30  centimetres  carres. 

Tels  sont  les  differents  appareils  qui  concourent  a  la  ventilation  gene- 
rale  du  Palais. 

Je  vous  ai  deja  fait  remarquer,  Messieurs,  que  Inspiration  devait  se 
faire  par  1 6  puits  d'aerage  de  3  metres  de  diametre,  disposes  a  peu  pres 
symetriquement  autour  du  Palais  sur  la  bissectrice  de  Tangle  forme  par 
deux  galeries  rayonnantes  contigues. 

II  requite  de  cette  disposition  que  l'air  fourni  par  un  puits  se  partagera 
en  deux  parties  sensiblement  egales  entre  les  deux  galeries  rayonnantes 
situees  a  droite  et  a  gauche. 

La  galerie  d'aerage  a  sensiblement  la  m§me  section  que  la  galerie 
rayonnante,  soit  6  metres  carrel.  La  vitesse  de  l'air  n'y  sera  done  que 
moitie  de  celle  de  la  galerie  rayonnante,  soit  environ  \  metre  par  1". 

Mais  pour  que  Inspiration  puisse  se  faire  dans  des  conditions  normales, 
il  est  necessaire  que  la  section  de  la  voute  du  puits  qui  met  celui-ci  en 
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communication  avec  la  galerie  d'aerage,  soitaumoins  de  6  metres  carres, 
puisque  cette  voute  doit  debiter  a  peu  pres  la  mfime  quantite  d'air  que 
la  galerie  rayonnante. 

Or,  en  fait,  la  section  de  ces  voutes  des  puits  est  loin  d'atteindre  6  metres 
carres.  Elles  sont  toutes  plus  ou  moins  surbaissees  et  encombrees  de 
facon  a  ce  que  leur  section  se  trouve  reduite  a  4mo.50  environ. 

C'est  pour  parer  a  ce  grave  inconvenient  qu'on  etablit  en  ce  moment  un 
certain  nombre  de  grilles  de  ventilation  sur  le  promenoir  de  la  marquise 
exterieure  et  communiquant  directement  avec  les  galeries  d'aerage. 

Ces  rentrees  d'air  supplementaire  etaient  indispensables  pour  assurer 
ce  qu'on  pent  appeler  le  service  de  1' aspiration  de  l'air  exterieur. 

Quant  a  1' expulsion  de  l'air  interieurvicie  ou  echauffe,  elle  n'est  assuree 
que  par  Taction  de  la  ventilation  naturelle  des  galeries  d'exposition  et  par 
la  sur-pression  produite  par  le  refoulement  de  l'air  nouveau. 

Cette  evacuation  doit  se  faire,  sans  resistance  sensible,  par  les  ouver- 
tures  des  persiennes  menagees  a  cet  effet.  C'est  du  reste  l'opinion  emise 
par  M.  Tresca  dans  son  rapport. 

Toutefois,  il  est  a  craindre  que  l'interposition  de  hautes  cloisons  entre 
les  grilles  d'arrivee  et  les  persiennes  d'evacuation  ne  soient  une  cause  de 
resistance  sur  laquelle  on  ne  comptait  pas. 

II  est  a  craindre,  en  tout  cas,  par  suite  de  l'installation  de  ces  hautes 
cloisons,  que  l'air  nouveau  fourni  par  la  ventilation  ne  se  repartisse  pas 
egalement  sur  toute  la  surface  du  Palais,  comme  cela  etait  prevu ,  et 
qu'on  ne  remarque  des  espaces  ouverts  ou  la  ventilation  sera  tres-active 
a  cote  d'espaces  fermes  ou  l'air  nouveau  ne  penetrera  pas. 

Un  dernier  mot  sur  le  prix  de  revient  de  la  ventilation  du  Palais. 

Le  volume  d'air  fourni  sera,  en  cornptant  par  unite  de  mille  metres 
cubes  : 


Parheure   700  unite's. 

Par  jour  a  raison  de  7  heures  1/2   5,250  — 

Pour  toute  la  duree  de  l'Exposition  evaluee  a  150 

jours  seulement,  5,250  x  150  =   787,500  — 

Or,  la  depense  totale  relative  a  1' application  du  systeme  ne  depassera 
pas  78,750  fr. 

Le  prix  de  revient  de  1 ,000  metres  cubes  d'air  nouveau  envoye  dans  le 
Palais  sera  done,  tout  compris,  d'environ  0  fr.  10. 

Nous  avons  vu  plus  haut  que  ce  prix  etait  de  0  fr.  16  pour  la  venti- 
lation du  pavilion  des  femmes  de  l'h6pital  de  Lariboisiere. 


Me  voici,  Messieurs,  arrive  au  terme  de  la  communication  que  je  m'etais 
propose  de  faire  a  votre  honorable  Societe. 
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II  me  reste  a  vous  remercier  pour  la  bienveillante  attention  que  vous 
avez  bien  voulu  m'accorder. 

Si,  a  votre  prochaine  seance,  vous  voulez  bien  m'accorder  encore 
quelques  instants,  je  vous  presenterai  quelques  considerations  sur  Im- 
plication du  nouveau  systeme  a  la  ventilation  des  h6pitaux,  des  theatres, 
des  navires,  ainsi  qu'ala  soufflerie  des  forges. 

M.  Lehaitre  se  propose  de  vous  exposer  lui-mSrae  le  programme  ge- 
neral de  l'application  aux  mines. 

Mais,  independamment  de  ces  applications,  le  nouveau  systeme  est 
susceptible  d'etre  applique  a  la  metallurgie,  ainsi  que  vous  allez  le  voir 
tout  a  l'heure  par  1' experience  que  prepare  M.  Wiessnegg. 

Voici  un  appareil  simple  de  petite  dimension,  dans  lequel  Fair  corn- 
prime  va  determiner  un  courant  rapide.  II  suffit  pour  obtenir  ce  resultat 
de  calculer  convenablement  le  rapport  des  deux  diametres  d  et  D  et  la 
pression  p  de  l'air  moteur. 

Erabranchons  sur  la  conduite  de  cet  appareil  et  dans  l'interieur  m§me 
du  cdne  d'expansion  une  tubulure  inclinee,  comme  celle  que  vous  voyez 
ici. 

Faisons  maintenant  communiquer  cette  tubulure  avec  un  recipient 
contenant  un  gaz  combustible  qui  sera  soit  de  l'hydrogene  pur,  soit  de 
l'hydrogene  carbone,  soit  de  l'oxyde  de  carbone,  soit  mfime  tout  simple- 
ment  du  gaz  d'eclairage. 

II  est  facile  de  se  rendre  compte  de  l'effet  qui  va  se  produire. 

L'air  comprime  moteur,  en  se  detendant  dans  la  conduite,  produit  une 
depression  en  arriere  du  cercle  qui  forme  la  base  du  c6ne  d'expansion. 

Or,  c'est  prdcisement  dans  cette  region  que  se  trouveplacee  la  tubulure 
du  gaz  combustible. 

Celui-ci  sera  done  aspire  avec  plus  ou  moins  de  force,  et  dans  une  pro- 
portion qu'il  est  facile  de  regler  au  moyen  d'un  robinet. 

L'air  comprime,  l'air  atmospherique  entraine  et  le  gaz  combustible 
aspire  vont  se  melanger  d'une  maniere  intime  dans  leur  trajet  par  l'ap- 
pareil,  condition  indispensable  pour  le  succes  de  1'operation  qui  se  pre- 
pare et  qui  se  trouve  realisee  de  la  maniere  la  plus  simple  par  la  seule 
force  motrice  du  jet  d'air  comprime. 

J'ajouterai  de  suite  que  cejet  moteur  etantfourni  par  un  recipient  qu'il 
est  extremement  facile  d'entretenir  a  pression  constante,  ainsi  que  vous 
avez  pu  en  juger  vous-meme  paries  experiences  precedentes,  le  courant 
general  sortant  par  l'orifice  de  l'appareil  aura  une  sCabilite  qu'il  serait 
impossible  d'obtenir  avec  tout  autre  systeme  de  soufflerie. 

II  ne  reste  plus  maintenant  qu'a  mettre  le  feu  a  ce  courant  pour  ob- 
tenir une  Damme  dont  la  puissance  calorifique  depasse  celle  de  tous  les 
chalumeaux  connus  jusqu'a  ce  jour. 

En  effet,  cet  appareil  realise  admirablement,  et  de  la  maniere  la  plus 
simple,  les  deux  conditions  essentielles  des  chalumeaux  :  le  melange  in- 
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time  des  gaz  avant  leur  combustion  et  la  stabilite  absolue  du  courant  en- 
flamme. 

Vous  savez,  Messieurs,  que  les  choses  en  apparence  les  plus  simples, 
sont  souvent  celles  qui  exercent  le  plus  le  genie  inventif  de  l'homme,  et 
vous  reconnaitrez  certainement  que  l'addition  de  cette  tubulure,  qui 
transforme  immMiatement  notre  appareil  de  ventilation  et  de  soufflerie 
en  un  chalumeau  d'une  puissance  extraordinaire,  fait  le  plus  grand  hon- 
neur  a  son  auteur,  M.  Wiessnegg,  jeune  constructeur  d'appareils  de  pre- 
cision. 

M.  Wiessnegg  va  faire  fonctionner  l'appareil  devant  vous  avec  du  gaz 
d'eclairage.  II  se  propose  de  fondre,  en  quelques  minutes,  des  rivets  dans 
un  creuset,  et  de  les  transformer  en  un  culot  de  fer  doux  semblable  a 
celui-ci,  qui  a  ete  obtenu  en  ma  presence,  par  le  memeprocede. 


DEUXIEME  PART  IE. 


J'ai  eu  l'honneur  d'exposer  devant  vous,  a  votre  derniere  seance,  les 
principales  formules  de  la  theorie  de  la  ventilation  par  l'air  comprime. 

Craignant  d' abuser  de  votre  attention,  je  m'etais  applique  a  concentrer 
autant  que  possible  la  partie  theorique,  evitant  d'aborder  des  considera- 
tions qui  n'etaient  pas  absolument  indispensables,  sojt  pour  definir  theo 
riquement  le  fonctionnement  du  nouveau  systeme,  soit  pour  etablir  des 
bases  de  comparaison  avec  les  systemes  actuellement  en  usage. 

Une  observation  de  votre  honorable  president  m'a  semble  contenir  un 
reproche  amical  de  ma  brievete  sur  ce  point. 

Je  crois  des  lors  convenable  de  completer  mon  premier  expose  par  deux 
considerations  qui  se  deduisent  de  la  theorie  et  qui,  presentant  certain 
caractere  pratique,  auront  probablement  quelque  interet  pour  vous. 

Je  veux  parler  d'abord  de  la  proportion  d'air  atmospherique  entraine 
par  le  jet  comprime  moteur,  proportion  qui  va  prendre  des  valeurs  dif- 
ferentes  suivant  que  Ton  comparera  les  volumes  ou  les  poids. 

Les  elements  de  cette  double  comparaison  sont  implicitement  contenus 
dans  la  formule  fondamentale  : 

wV  =  MU.  (1) 

Vous  savez,  messieurs,  que  cette  formule  est  relative  a  Yappareil  simple. 
S'il  s'agit  d'un  appareil  quelconque  dont  le  coefficient  de  resistance 
est  K, 

on  aura :  «  =  ^etU=Kx«; 

d'un  autre  c6te  on  peut  ecrire  : 

M=  U=I(X  X«. 

9  9 

Done  MU  =  K2X— X«2=FM'« 

9 

en  designant  par  M'  la  masse  qui  est  refoulee  par  1"  dans  l'appa- 

reil  quelconque  que  Ton  considere. 


J'dcrirai  done  d'une  maniere  generate  : 

mV  =  K2M'«.  (2) 

La  masse  M'  est  la  masse  totale  refoulee  par  1",  elle  comprend  done  la 
masse  m  de  l'air  comprime  moteur. 

Pour  etablir  la  proportion  des  masses,  e'est-a-dire  des  poids,  il  suffit 
d'ecrire  : 

W  V 

m~  KV  (3) 
W—m  V 

et   =*  =  1.  (4) 

Liquation  (3)  donne  le  nombre  de  kilogrammes  d'air  refoule  a  la  Vi- 
tesse m,  par  kilogramme  d'air  comprime. 

L' equation  (4)  donne  le  poids  de  l'air  aspire  dans  les  m£mes  condi- 
tions. 

Si  Ton  opere  dans  l'appareil  simple,  a  la  vitesse  d'entrainement  de 
4  metre,  la  formule  (3)  se  reduit  a  : 

M' 

-  =  V.  (5) 

m  v  ' 

Dans  ces  conditions  la  proportion  des  poids  est  egale  a  la  vitesse  de 
l'air  comprime. 

Or  vous  savez,  Messieurs,  que  la  vitesse  de  l'air  comprime  a  une  limite 
superieure,  qui  n'est  autre  que  celle  du  coefficient  Ao  =  404m.4. 
En  effet,  cette  vitesse  est  donnee  par  la  formule : 

V=v/f.  ,6) 


p  etant  la  pression  effective  et  p  le  poids  du  metre  cube  de  l'air  corn- 
prime. 

Remplacons/)  par  *-X/*et  p  par  conformementa  la  loi  deMa- 

riotte,  nous  aurons  alors  : 


(7) 


Si  dans  cette  derniere  equation  (7),  nous  faisons  p.  =  <x> ,  nous  aurons 
pour  la  limite  superieure  de  la  vitesse  V  : 

Vo  =  Ao=  404m.4.  (8) 

C'est  la  vitesse  de  l'air  comprime  k  une  pression  quelconque  s'echap- 
pant  dans  le  vide. 

Ainsi,  \  kilogramme  d'air  comprim^  a  une  pression  quelconque,  ne 
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peut  entrainer  plus  de  404k  d'air  atmospherique,  a  la  vitesse  de  1  metre 
par  1". 

Si,  maintenant,  nous  considerons  la  proposition  des  volumes  entraines, 
nous  devrons  poser,  en  designant  ces  volumes  par  Q  et  par  q  : 


Ce  qui  donnera  : 

4°  pour  le  refoulement 


q  m 


F2-X7;  (10) 


q        K2  w' 


2°  pour  l'aspiration 


Q-g=_,+  l  _V 

<7  K2  w 


4.  (11) 


On  voit  ainsi  que  la  proportion  des  volumes  de  l'air  atmospherique 
entraine,  et  de  l'air  comprime  moteur,  mesure  sous  pression,  va  toujours 
en  augmentant  avec  la  pression. 

Dans  l'experience  faite  devant  vous,  a  la  derniere  seance,  avec  l'aju- 
tage  de  0m.0003  et  la  pression  p  =  \ ,  nous  avions  K2=  1 ,  et  la  vitesse 
d'entrainement  u  etait  environ  0m.60. 

La  proportion  des  volumes  etait  done  : 

Q  2X286 


q  0.60 


=  953; 


e'est-a-dire  qu'un  litre  d'air  comprime,  mesure  sous  pression,  entrai- 
nait,  dans  les  conditions  de  l'experience,  953  litres  d'air  atmospherique. 

Au  moyen  de  ces  nouvelles  formules  et  de  celle  donnee  dans  la  der- 
niere seance,  on  pourra  calculer  d'avance  le  volume  d'air  entraine  a  la 
vitesse  w,  dans  un  appareil  de  ventilation  quelconque  : 

1°  Par  force  de  cheval  dejet  comprime; 

2°  Par  force  de  cheval  du  moteur,  et  par  kil.  de  charbon  consomme; 
3°  Par  kil.  d'air  comprime  ; 

4°  Par  metre  cube  d'air  comprime,  mesure'  sous  pression. 

Toutes  les  circonstances  du  phenomene  de  1'entrainement  de  l'air  par 
l'air,  se  trouvent  ainsi  determinees  par  le  calcul. 

Je  vais  aborder  maintenant  la  seconde  consideration  qui  est  relative  au 
refroidissement  de  l'air  entrained 

Que  se  passe-t-il,  au  point  de  vue  de  la  temperature,  dans  un  jet  d'air 
comprime  qui  sort  d'un  recipient,  que  je  supposerai  entretenu  a  une  pres- 
sion constante  et  a  la  temperature  de  l'air  ambiant? 

Vous  savez  parfaitement,  Messieurs,  que  ce  jet  d'air  comprint  sortant 

3 


—  34  — 


librement  dans  l'atmosphere,  subira  un  refroidissement  considerable,  el 
d'autant  plus  grand  que  sa  pression  sera  plus  61ev£e. 

Avec  les  moyens  tres-limites  dont  nous  disposons,  MM.  Lehaitre,  Jul- 
lienne  et  moi,  nous  sommes  parvenus  a  obtenir  un  abaissement  de  42° 
centigrades,  avec  un  jetd'air  comprime  entre  4  et  5  atmospheres  effectives. 

Sur  un  recipient  contenant  environ  50  litres  d'air  comprime  a  ladite 
pression,  etait  adapte  un  robinet  de  0m.025  de  diametre. 

Un  thermometre  tres-sensible  etait  maintenu  a  la  main  dans  la  partie 
cylindrique  du  robinet  comprise  entre  la  clef  et  1'orifice  de  sortie. 

L'air  du  recipient  etait  a  la  temperature  ambiante;  on  ouvrait  rapide- 
ment  le  robinet.  L'air  comprime  se  lancait  dans  l'atmosphere  en  faisant 
osciller  violemment  la  boule  du  thermometre,  qui  cependant  ne  venait 
pas  se  briser  sur  la  paroi  du  robinet,  parce  que  le  jet  comprime  sert  ici 
de  coussin. 

On  voyait  immediatement  le  thermometre  descendre  rapidement.  Un 
intervalle  de  6"  suffit  pour  l'ecoulement  total  de  l'air  contenu  dans  le  reci- 
pient, sous  l'influence  seule  de  la  detente,  et  pour  faire  descendre  le 
thermometre  de  42°. 

Nous  avons  repete  plusieurs  fois  cette  experience;  et  nous  avons  vu  le 
thermometre  passer  en  6"  de  -f-220  a  —  20°. 

La  boule  se  couvrait  de  glace  et  de  petits  glacons,  ou  plut6t  de  petits 
grelons  etaient  projetes  avec  force. 

M.  Tresca,  qui  dispose  au  Conservatoire  de  moyens  beaucoup  plus 
puissants,  m'a  dit  avoir  obtenu  des  abaissements  de  temperature  beau- 
coup  plus  considerables. 

Ainsi  voila  un  fait  bien  constate  par  1' experience :  c'est  le  froid  produit 
par  la  detente  d'un  jet  d'air  comprime  qui  s'elance  dans  l'atmosphere. 

Si  done  nous  employons,  pour  produire  un  entrainement  d'air  atmo- 
spherique  dans  une  conduite,  un  jet  d'air  comprime  sortant  d'un  reser- 
voir entretenu  a  pression  et  a  temperature  constantes,  il  est  evident,  a 
priori,  que  le  froid  de  la  detente  du  jet  moteur  se  repartira  dans  toute  la 
masse  entrainee,  et  que  le  volume  d'air  ainsi  refoule  sera  plus  ou  moins 
rafraichi. 

II  est  certainement  interessant  de  pouvoir  constater  d'avance  la  valeur 
de  cet  effet  refrigerant. 

La  theorie  de  1' entrainement  que  j'ai  eu  l'honneur  de  vous  exposer, 
combinee  avec  la  nouvelle  theorie  mecanique  de  la  chaleur,  permet  d'a- 
border  ce  probleme  ;  et  jevais  vous  en  soumettre  une  solution. 

Pour  simplifier  la  question,  je  vais  considerer  ce  qui  doit  se  passer 
dans  l'appareil  simple. 

La  force  vive  du  jet  moteur  est : 
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Celle  du  courant  de  ventilation  est : 

MU2 
2  ' 

Or,  en  vertu  de  la  relation  fondamentale  : 

mV  =  MU, 

MU2     mV    TT     mV2  U 
nousavons:  T  =  TX  TXf 

MV2     MU2     mVm  _ 
Done:  —  —  =  — (V-TJ).  (12) 

Ce  qui  indique  qu'il  y  a  necessairement  une  perte  de  force  vive  plus 
ou  moins  grande  due  au  phenomene  de  Ten  train  em  ent  de  l'air  par  l'air. 

D'apres  la  theorie  mecanique  de  la  chaleur,  toute  force  vive  perdue 
doit  fitre  representee  par  un  nombre  equivalent  de  calories  communi- 
quees  aux  corps  en  mouvement. 

Posons  done  l'equation  : 

mV2  MU3 

mI-H  =  CxE.  (13) 

C  etant  le  nombre  de  calories  correspondant  a  la  force  vive  perdue  par 
le  fait  de  l'entrainement,  et  E 1' equivalent  mecanique  de  la  chaleur. 
Les  equations  (12)  et  (13)  donnent : 

ExG  =  ^(V-U).  (14) 

Noussavons  qu'immediatementa  sa  sortie  de  l'orifice,  le  jet  comprime 
eprouve,  par  le  fait  de  la  detente,  un  abaissement  de  temperature. 

Soit  t  la  temperature  de  l'air  comprime  dans  le  recipient,  laquelle  est, 
par  hypothese,  egale  a  celle  de  l'air  ambiant. 

Soit  la  temperature  du  courant  rafraichi  par  la  detente  de  l!air 
comprime  moteur. 

Soit  t  la  temperature  a  laquelle  l'air  comprime"  descendra  par  l'effet 
de  la  detente. 

Cet  air  se  rechauffera  ensuite,  dans  la  periode  d'entrainement,  en  re- 
montant de  t'  a  tv  tandis  que  l'air  atmospherique  entrain^  se  refroidira 
en  descendant  de  t  a  tr 

Soient  enfin  : 

tx— f=e;  et  t—t^i. 

Je  puis  calculer  maintenant  le  nombre  de  calories  C  que  l'air  com- 
prime empruntera  a  l'air  entraine,  pour  passer  de  la  temperature  f  a  la 
temperature  tl  du  melange. 

J'aurai  d'abord  : 

7r  d2 

C  =  jXVx«X(f«+^Xy.  (15) 
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J'aurai  egalement  : 

D2 

C  =  jXUXtXJX7.  (16) 

Liquation  (15)  donne  le  nombre  de  calories  gagnees  par  Fair  com- 
prime  pour  se  rechauffer  de  6  degres. 

L'equation  (16)  donne  le  nombre  de  calories  perdues  par  l'air  entraine 
pour  se  refroidir  de  t  degres. 

Ces  deux  quantites  seront  egales,  si  Ton  neglige  les  pertes  par  radia- 
tion, ce  qui  donne  d'abord  : 

i  —  —         U  V 

r~  J2  X  (p  +  1)V"~U" 

Ainsi  je  constate  d'abord  que  les  differences  de  temperature  e  et  t  sont 
entre  elles  dans  le  raerae  rapport  que  les  vitesses  V  et  U. 
Maintenant,  la  combinaison  des  equations  (14)  et  (15),  donne  : 

V(V-U'=EX^  XVxex  (p.  +  1)  X  iXy. 


On  en  tire,  toute  reduction  faite 

V 


et  par  suite  : 

Si  maintenant  je  fais 

j'aurai  sensiblement : 
et 


(19) 


U(V  —  U) 

2xEX£X/ 

E  =  430, 
0  =  9.81, 
7  =  0.237, 


e  =  v(v_u)_  (ao) 


2.000 

U(V— U) 
2.000  " 


(21) 


Tellessont  les  formules  qui  donnent  les  differences  de  temperature  6  et 
t,  par  application  de  la  theorie  mecanique  de  la  chaleur  combinee  avec 
celle  de  l'entrainement  de  l'air  par  l'air. 

Supposons  que  1'entrainement  ait  lieu  par  un  jet  d'air  comprime,  pro- 
duisant  une  vitesse  d'entrainement  tres-petite  dans  une  conduite  d'un 
diametre  tres-grand,  nous  pourrons  ndgliger  la  valeur  de  U  et  ecrire : 

-  Y2 
6"~2.000; 
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et  en  faisant  V=Vo=404m.4,  limite  de  vitesse  de  l'air  comprime,  nous 
aurons  : 

Cette  valeur  de  do  =  81 0  77  represents  le  maximum  d' abaissement  de  tem- 
perature produit  par  la  detente,  a  l'air  libre,  a"un  jet  d'air  comprime  d  haute 
pression. 

II  etait  evident  a  priori,  que  la  vitessee  de  l'air  comprime  ayant  une 
limite,  le  froid  produit  par  la  detente  d'un  jet  comprime,  sortant  a  l'air 
libre  devait  egalement  en  avoir  une. 

Cette  limite  superieure  serait  d'environ  80°,  d'apres  la  theorie  que  je 
viens  de  vous  exposer. 

Quant  a  l'abaissement  de  temperature  t,  qui  dans  certaines  applica- 
tions de  ventilation  par  l'air  comprime,  peut  jouer  un  r61e  important, 
sa  valeur  croit  proportionnellement  et  a  la  vitesse  d'entrainement  U,  et 
a  la  difference  V —  U. 

D'Alemberl  est  le  premier  qui  ait  proclame  ce  grand  principe :  qu'il 
ny  avait  pas  de  force  perdue  en  mecanique. 

Les  geometres  ont  pense  d'abord  que  le  principe  n'etait  pas  exempt 
d'exceptions,  par  exemple  dans  le  cas  du  choc  qui  donne  lieu  a  une 
perte  de  force  vive. 

Mais  la  theorie  mecanique  de  la  chaleur  nous  demontre  aujourd'hui 
victorieusernent  que  cette  perte  de  force  n'est  qu'apparente ,  attendu 
qu'elle  est  compensee  par  une  production  de  chaleur  equivalente,  et 
que  la  chaleur  est  elle-meme  une  force. 

Dans  l'entrainement  de  l'air  par  l'air,  il  y  a  choc  des  molecules  d'air 
entre  elles,  et  par  suite  perte  de  force  vive. 

Mais  cette  perte  de  force  se  trouve  compensee  par  une  production  de 
chaleur  qui  a  pour  effetde  rechaufferle  jet  comprime  moteur;  et  comme 
la  chaleur  necessaire  pour  produire  cet  effet  est  empruntee  a  l'air  en- 
traine,  la  perte  de  force  vive  se  trouve  finalement  compensee  par  le  ra- 
fraichissement  de  la  masse  d'air  mis  en  mouvement. 

C'est  une  compensation  qui  n'est  pas  a  dedaigner  dans  un  grand 
nombre  d'applications  a  la  ventilation. 

Je  crois  devoir  limiter  ici  les  considerations  theoriques,  et  je  vais 
maintenant  aborder  la  question  des  applications  du  nouveau  systeme. 

1°  APPLICATION  A  LA  METALLURGY. 

Messieurs,  dans  votre  derniere  seance,  vous  avez  ete  temoins  d'un  re- 
sultat  metallurgique  obtenu  avec  un  chalumeau  a  l'air  comprime  qui 
n'est  autre  que  notre  appareil  ordinaire  de  ventilation  transforme  au 
moyen  d'une  addition  due  a  M.  Wiessnegg.  Ce  jeuneet  habile  construc- 
teur  a  obtenu  la  fusion  du  fer  doux  en  votre  presence. 
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II  obtient  ;.ussi  faci!  anient  la  fusion  du  platine. 

Vous  savez  que  les  chalumeaux  a  gaz  d'eclairage  ont  fait  dans  ces 
derniers  temps  de  tres-grands  progres.  M.  Schloesing,  ingenieur  des  ma- 
nufactures de  l'Etat,  a  realise  un  appareil  de  cette  espece,  avec  lequel  il 
obtient  aisement  la  fusion  du  fer  doux,  et  qui  peut  remplacer  avec  avan- 
tage  les  fourneaux  employes  dans  les  laboratoires  pour  les  temperatures 
les  plus  elevees.  La  limite  de  pouvoir  du  chalumeau  Schloesing  est 
vers  la  fusion  du  platine,  soit  environ  2000°.  (Voici  a  ce  sujet  le  compte 
rendu  de  l'Academie  des  sciences,  en  date  du  4  decembre  4865.) 

Je  crois  devoir  citer  ici  1' appareil  de  M.  Schloesing,  parce  qu'il  a  une 
certaine  analogie  avec  celui  a  l'air  comprime. 

Les  deux  appareils  different  toutefois  essentiellement  par  le  mode  de 
soufflerie,  celui  de  M.  Schloesing  marchant  avec  un  soufflet  ordinaire  qui 
necessite  l'emploi  d'un  gazometre  entretenua  une  pression  constante. 

Pour  faire  produire  aux  chalumeaux  a  gaz  leur  maximum  de  puis- 
sance, pour  pouvoir  augmenter  notablement  leurs  dimensions  actuelles, 
en  un  mot,  pour  pouvoir  sortir  du  domaine  du  laboratoire  et  aborder  celui 
de  l'industrie,  il  est  indispensable  d'avoir  une  soufflerie  debitant  des 
volumes  d'air  considerables  avec  une  r^gularite  pour  ainsi  dire  mathema- 
tique. 

Or,  le  chalumeau  a  l'air  comprime  peut  seul  realiser  pratiquement 
ces  conditions. 

Riennes'oppose,  en  effet,  a  une  augmentation  de  ses dimensions;  etsi 
on  l'applique  un  jour  a  l'industrie  mdtallurgique,  ce  n'est  pas  la  puis- 
sance de  la  soufflerie  qui  fera  defaut,  ni  la  facilite  avec  laquelle  on 
pourra  faire  marcher  a  la  fois  plusieurs  appareils  concourant  au  m6me 
but. 

Dans  une  application  de  ce  genre,  l'oxyde  de  carbone  dont  la  produc- 
tion est  si  facile  et  si  ^conomique,  viendrait  naturellement  remplacer  le 
gaz  d'eclairage. 

II  n'y  aurait  qu'a  se  preoccuper  de  l'emmagasinement  de  ce  gaz  com- 
bustible, sa  marche  etant  assuree  d'avance  par  le  jet  d'air  comprime 
moteur. 

2°  APPLICATION  AUX  HOPITAUX. 

La  plus  belle  application  que  Ton  puisse  faire  d'un  systeme  de  ventila- 
tion quelconque,  c'est  assurement  a  une  salle  d'h&pital. 

C'est  ici  surtout  qu'il  est  important  que  les  deux  termes  du  probleme 
soient  resolus  independamment  l'un  de  l'autre  : 

1°  Evacuation  de  l'air  vici£; 

2°  Refoulement  d'air  nouveau,  aussi  pur  que  possible,  par  des  ouver- 
tures  disposees  de  maniere  hue  pas  incommoder  les  malades. 
La  proportion  de  l'air  nouveau  introduit  doit  etre  sensiblement  egale  a 
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celle  de  l'air  vicie  expulse,  afin  qu'il  ne  se  manifeste  par  les  portes  et 
les  fenetres,  ni  rentrees  ni  sorties. 

Si  ce  programme  etait  exactement  rempli,  il  est  certain  que  la  venti- 
lation de  la  salle  d'h6pital  serait  parfaite,  le  volume  d'air  ainsi  renou- 
vele  etant  convenablement  calcule  par  lit  et  par  heure. 

Je  vais  me  proposer  d'abord  de  rechercher  jusqu'a  quel  point  ces  con- 
ditions se  trouvent  satisfaites,  avec  les  deux  systemes  de  ventilation 
employes  jusqu'a  ce  jour. 

Jeprendrai,  pour  exemple,  le  magnifiqueli6pital  de  Lariboisiere  ou  la 
question  de  ventilation  a  ete  traitee  peut-6tre  avec  plus  de  soin  qu'ail- 
leurs. 

Vous  savez,  Messieurs,  que  cet  hdpital  comprend  six  pavilions  con- 
struits  sur  le  meme  modele.  Trois  sont  affectes  aux  hommes,  et  trois 
aux  femmes. 

Les  pavilions  des  hommes  sont  ventiles  par  insufflation,  au  moyen 
d'un  ventilateur  mecanique  dont  j'ai  deja  eu  occasion  de  parler. 

Les  pavilions  des  femmes  sont  ventiles  par  le  systeme  de  l'appel 
direct  de  la  chaleur. 

Je  parlerai  d'abord  des  pavilions  des  hommes. 

L'air  nouveau  est  refoule  mecaniquement  dans  la  salle  par  des  poeles 
disposes  sur  la  ligne  centrale. 

Ce  mode  de  rentree  est  tres-bien  compris.  II  ne  saurait  incommoder  les 
malades  dont  les  lits  sont  adosses  aux  murslongitudinaux. 

L'air  nouveau  penetrant  au  centre  de  la  salle  a  une  hauteur  d'un 
metre  environ  au-dessus  du  sol,  et  k  petite  vitesse,  s'epanche  librement 
a  droite  et  a  gauche  dans  toutes  les  parties  de  la  salle. 

Pour  evacuer  l'air  vicie,  on  a  adopte  une  disposition  qui  met  les  trois 
salles  d'un  meme  pavilion  en  communication  avec  une  cheminee  en  zinc 
de  1m.24  de  diametre,  etablie  au-dessus  du  centre  du  grenier,  et  qui  do- 
mine  le  faite  du  pavilion. 

De  petites  cheminees  de  0m.20  a  0m.2S  de  c6te  sont  pratiquees  dans 
l'epaisseur  des  deux  murs  longitudinaux  de  chaque  pavilion,  et  presen- 
ted dans  chacune  des  trois  salles,  des  orifices  situ^s  a  diverses  hauteurs 
et  que  Ton  peut  demasquer  a  volonte.  Ces  petites  cheminees,  au  nombre 
de  54  par  pavilion,  debouchent  toutes  dans  deux  grandes  gaines  hori- 
zontales  etablies  dans  le  grenier  au-dessus  des  murs  longitudinaux.  Ces 
deux  gaines  horizontales,  qui  sont  fermees  a  leurs  deux  extremites,  com- 
muniquent  a  leur  tour  avec  la  base  de  la  cheminee  de  ventilation. 

Cette  disposition,  qui  ouvre  ainsi  un  chemin  a  l'air  vicie  des  salles  est 
abandonnee  a  Taction  de  la  ventilation  naturelle,  aidee  de  la  force  ex- 
pulsive due  au  rcfoulement  de  l'air  nouveau  par  les  poeles. 

Si  chaque  salle  etait  hermetiquement  ferm^e  de  toutes  parts,  comme 
un  reservoir  d'air,  il  est  certain  que  la  totalite  de  l'air  nouveau  refoule 
mecaniquement,  ne  pourrait  sortir  que  par  la  cheminee  de  ventilation. 
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Mais  en  pratique,  et  on  le  comprend  facilement,  les  choses  sont  loin 
de  se  passer  ainsi. 

M.  le  general  Morin,  qui  s'est  beaucoup  eleridu  sur  cette  iraportante 
question  dans  son  ouvrage  deja  cite,  va  nous  apprendre  comment  elles 
se  passent. 

Le  premier  fait  interessant  a  constater  est  celui-ci : 

Y  a-t-il  une  difference  entre  le  volume  d'air  extrait  des  salles  par  la 
cheminee  de  ventilation,  et  le  volume  d'air  refoule  dans  les  salles  par  la 
ventilation  mecanique? 

M.  Grassi  a  trouve  une  difference  en  moins  de  pres  de  5.000mc.  par 
heure  entre  ces  deux  volumes 1.  II  en  conclut  que  cet  excedant  d'air  in- 
suffle  a  du  passer  par  les  joints  des  fenetres  et  les  ouvertures  acciden- 
telles  des  portes. 

D'autres  observations  faites  par  MM.  Trelat,  Peligot,  Leblanc  et  Ser  ont 
fait  ressortir  un  accord  presque  complel  entre  le  volume  d'air  evacue 
par  la  cheminee  de  ventilation  et  celui  introduit  par  les  poeles. 

Mais  le  volume  d'air  introduit  par  les  poeles  a  toujours  ete  trouve  in- 
ferieur  a  celui  fourni  par  la  ventilation  et  mesure  dans  le  grand  tuyau 
porte-vent. 

Si  done,  on  admet,  comme  cela  parait  probable,  qu'une  partie  de  l'air 
refoule  penetre  dans  la  salle,  en  dehors  des  poeles,  et  par  les  joints  des 
gaines  horizontals  pratiques  dans  l'epaisseur  du  plancher,  les  observa- 
tions citees  ci-dessus  sont  en  concordance  avec  celles  de  M.  Grassi. 

La  premiere  consequence  a  tirer  de  l'observation  des  faits  serait  done 
celle-ci : 

Le  volume  d'air  refoule  mecaniquemcnt  dans  la  salle  est  superieur  au  volume 
extrait  de  cette  meme  salle  par  la  cheminee  de  ventilation. 

Ce  resultat  se  comprend  parfaitement. 

L'air  refoule  dans  la  salle  tend  a  sortir  par  les  ouvertures  qui  lui 
presentent  le  moins  de  resistance.  Or,  l'appareil  d'evacuation  pris  dans 
son  ensemble  comporte  evidemment  une  certaine  somme  de  resistances 
due  au  parcours  plus  ou  moins  long  et  accidente  que  l'air  doit  effectuer 
pour  arriver  a  la  base  de  la  cheminee  de  ventilation.  L'air  ancien  tend  a 
sortir  de  preference  par  un  joint  de  fenetre,  ou  par  l'ouverture  acciden- 
telle  d'une  porte. 

La  sortie  de  l'air  par  la  cheminee  de  ventilation  se  fait  sous  Taction  si- 
multanee  de  la  ventilation  naturelle  et  de  la  force  expulsive  due  au  re- 
foulement  de  l'air  nouveau. 

M.  le  general  Morin  constate  que  cette  derniere  force  necontribue  que 
pour  45  %  sur  l'effet  total  de  l'evacuation  de  l'air  vicie;  le  reste,  soit 
85  °/0  devant  etre  attribue  a  la  ventilation  naturelle2. 

1.  Etudes  sur  la  ventilation,  lor  volume,  page  383. 

2.  Ibid.,  1"  volume,  page  423. 


—  41  — 


Cette  evacuation  de  l'air  vicie  doit  done  varier  beaucoup  d'intensite, 
puisqu'elle  depend  de  deux  causes  :  l'une  qu'on  peut  regarder  comme 
constante  et  qui  est  le  ventilateur,  et  l'autre  essentiellement  variable,  qui 
est  Taction  de  la  ventilation  naturelle. 

Ainsi  trouvons-nous,  dansl'ouvrage  de  M.  le  general  Morin,  que  le  vo- 
lume d'air  vicie,  evacue  par  la  cheminee  de  ventilation  est  moitie  moins 
considerable  en  ete  qu'en  hiver1. 

Cette  irregularite  dans  l'evacuation  de  l'air  vicie  constitue  certaine- 
ment  un  grand  inconvenient  au  point  de  vue  hygieniqne. 

Mais  il  en  existe  d'autres  plus  graves  encore.  Que  se  passe-t-il  quand 
on  ouvre  quelques  fenetres  dans  l'une  des  trois  salles  d'un  meme  pavilion, 
celles  des  deux  autres  salles  restant  fermees  ? 

II  est  evident,  a  priori,  que  la  majeure  partie,  sinon  la  totalite  de  l'air 
refoule  par  le  ventilateur  mecanique  sortira  par  les  fenetres  ouvertes,  et 
que  le  courant  de  ventilation  naturelle  des  petites  cheminees  d' evacua- 
tion sera  a  peu  pres  interrompu. 

Cet  elfet  a  ete  observe  en  avril  \  856,  par  MM.  Trelat  et  Peligot.  Ces  ob- 
servateurs  ont  meme  constate  un  retour  d'air  vicie,  dans  la  salle  du  pre- 
mier etage  du  pavilion  n°  4,  par  suite  du  renversement  du  courant  dans 
certains  canaux  d 'evacuation,  quand  on  ouvrait  un  certain  nombre  de  fenetres 
dans  cette  salle2. 

L'air  vicie  qui  revenait  ainsi  dans  la  salle  ou  se  faisaient  les  experiences 
et  ou  quelques  fenetres  etaient  ouvertes,  provenait  des  games  du  grenier 
oil  se  melangent  les  produits  vicies  des  3  salles  d'un  meme  pavilion.  11 
provenait  done  en  definitive  des  2  autres  salles. 

II  est  inutile  de  vous  faire  remarquer,  Messieurs,  l'extreme  gravite  de 
semblables  effets. 

M.  Grassi  ne  se  la  dissimule  pas,  car  il  dit  a  ce  propos : 

«  Si  le  fait  existait  reellement,  il  faudrait  renoncer  au  systeme,  car  il 
«  est  impossible  d'eviter  l'ouverture  tres-frequente  des  portes  et  quel- 
«  quefois  des  fenetres3.  » 

Je  bornerai  ici,  Messieurs,  mes  observations  sur  la  ventilation  des 
3  pavilions  des  hommes  de  l'hdpital  de  Lariboisiere. 

Elles  suffisent  pour  etablir  que  cette  ventilation  est  incomplete,  par  la 
raison  que  l'evacuation  de  Pair  vicie  n'est  pas  suffisamment  assuree. 

Un  des  termes  du  probleme  est  seul  resolu;  le  second  ne  Test  pas. 

Je  passe  maintenant  a  la  ventilation  des  3  pavilions  des  femmes. 

Ici  on  aprocede  d'une  maniere  inverse.  On  applique  la  force  directe  de 
la  chaleur  a  Taspiration  de  Fair  vicie  des  salles,  et  la  rentree  de  l'air 
nouveau  est  abandonnee  a  Paction  de  la  ventilation  naturelle. 

1.  Etudes  sur  la  ventilation,  lcr  volume,  page  'iTi. 

2.  Ibid.,  ler  volume,  page  397. 

3.  Ibid.,  \'T  volume,  page  398. 
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Les  dispositions  prises  pour  la  sortie  de  l'air  vicie,  sont  a  peu  pres 
celles  que  j'ai  decrites  pour  les  pavilions  des  hommes, 

Seulement,  la  chemin^e  d' evacuation  est  plus  grande,  plus  elevee,  et 
construite  en  briques. 

Pour  y  produire  l'appel,  on  a  installe  a  sabase,  considerablement  elar- 
gie,  des  recipients  d'eau  chaude  dont  le  nombre  atteint  17. 

L'eau  chaude  est  employee  ici  non-seulement  comme  source  de  cha- 
leur  pour  la  ventilation,  raais  encore  comme  moyen  dechauffage  detoutes 
les  salles  d'un  pavilion. 

L'air  nouveau  rentre  par  des  caniveaux  qui  prennent  jour,  soit  sur  les 
deuxmurs  longitudinaux  du  pavilion,  soit  dans  les  caves. 

Toutesles  prises  d'air  nouveau  se  reunissent  dans  un  caniveau  central 
sur  lequel  on  a  installe  quatre  poeles  par  salle.  C'est,  en  definitive,  par 
ces  poeles  que  l'air  nouveau  penetre  dans  la  salle. 

De  nombreuses  experiences  on  I  ete  faites  dans  le  but  de  constater  les 
resultats  de  cette  ventilation,  non-seulement  par  les  personnes  dont  j'ai 
eu  occasion  de  citerles  noms  a  propos  de  la  ventilation  des  pavilions  des 
hommes,  mais  encore  par  M.  le  general  Morin  lui-meme  qui,  dans  son 
ouvrage,  manifeste  une  predilection  marquee  en  faveur  dece  systeme. 

On  a  constate  d'abord  que  le  volume  d'air  nouveau  rentrant  par  les 
pofiles,  n'est  que  la  moitie"  environ  du  volume  evacue  par  la  cheminee  de 
ventilation  sous  l'influence  de  l'appel. 

Le  complement  rentre  done  par  les  portes  et  fen6tres. 

M.  le  general  Morin  constate  bien  ce  resultat;  mais  il  n'en  discute  pas 
les  consequences. 

Cependant  on  comprend  a  priori  qu'une  rentree  d'air  qui  seproduit  par 
les  portes  et  fenfitres,  sur  une  aussi  grande  echelle,  ne  doit  pas  etre  sans 
inconvenient  pour  les  malades.  Independamment  des  courants  d'air  qui 
peuvent  les  incommoder,  il  est  evident  que  l'air  qui  rentre  par  les  portes 
de  la  salle,  et  qui  provient  des  pieces  voisines,  des  escaliers,  etc.,  n'a 
pasle  degre  de  purete  convenable,  et  peut  meme  etre  deja  vicie. 

Sans  doute,  quanrl  on  ouvre  les  fenfitres,  on  n'est  pas  expose,  comme 
dans  les  pavilions  des  hommes,  a  des  retours  d'air  vicie,  provenant  des 
gaines  du  grenier.  L'aspiration  devient  au  contraire  plus  energique, 
ainsi  que  les  experiences  l'ont  constate. 

Maisil  n'en  est  pas  moins  prouve  que  si  de  l'air  vicie  ne  peut  revenir 
dans  la  salle  par  les  conduits  d'aspiration,  il  peut  en  arriver  par  les 
portes. 

Mon  intention  n'est  pas  d'aborder  ici  une  discussion  comparative  des 
deux  systemes  de  ventilation  appliques  concurremment  a  l'h6pital  Lari- 
boisiere.  Cette  comparaison  a  6te  faite  par  M.  le  general  Morin ;  elle  est 
tout  a  l'avantage  du  systeme  de  l'appel. 

Je  me  bornerai  a  constater  que  le  systeme  de  l'appel  est  tout  aussi  in- 
complet  que  celui  de  l'insufflation. 
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II  est  evident  que  chacun  des  deux  systemes  ne  redout  que  la  moitie 
du  probleme. 

L'appel  assure  la  sortie  de  l'air  vicie;  mais  il  n'assrre  pas  la  rentree 
de  l'air  nouveau. 

L'insufflation  assure  au  contraire  la  rentree  de  l'air  nouveau;  mais  elle 
n'assure  pas  l'evacuation  de  l'air  vicie. 

On  est  done  autorise  k  dire  quejusqu'a  present  le  probleme  de  la  ven- 
tilation des  hdpitaux  n'a  point  ete  resolu  d'une  maniere  complete. 

C'est  precisement  cette  solution  complete  de  ce  probleme  essentiel- 
lement  humanitaire,  queje  vais  maintenant  avoir  l'honneur  de  vous  sou- 
mettre,  en  y  appliquaut  le  systeme  de  la  ventilation  par  l'air  comprime. 

Je  me  propose  m&me  de  traiter  en  meme  temps  la  question  du  chauf- 
fage,  de  telle  sorte  que  le  probleme  va  se  trouver  pose  de  la  maniere  sui- 
vante : 

1°  Extraire  d'une  salle  d'hupital  une  proportion  donnee  d'air  vicie  par 
heure; 

2°  Re  fouler  dans  le  meme  temps  une  proportion  egale  d'air  nouveau  ; 

3°  L'air  nouveau  sera  pur,  et  devra.  etre  introduit  dans  la  salle  par  des  ou- 
vertures  speciales  disposees  de  maniere  d  ne  pas  incommoder  les  malades; 

4°  Pendant  la  saison  d'hiver,  l'air  nouveau  devra  etre  introduit  d  une  tem- 
perature calculee  de  maniere  a  maintenir  dans  la  salle  le  nombre  de  degres 
reglementaire  et  servir  ainsi  de  moyen  de  chauffage. 

En  ce  qui  concerne  d'abord  l'evacuation  de  l'air  vicie,  je  ne  vois  rien 
de  mieux  a  proposer,  comme  installation,  que  ce  qui  existe  a  l'h6pital 
Lariboisiere. 

Les  conduits  d'evacuation  pratiques  dans  les  murs  longitudinaux 
entre  les  lits  des  malades,  et  aspirant  l'air  vicie  a  differentes  hauteurs, 
sont  fort  apprecies  paries  medecins. 

11  est  demontre  d'ailleurs,  par  les  experiences  des  pavilions  de  Lari- 
boisiere ventiles  par  appel ,  que  des  retours  d'air  vicie  ne  sont  pas  a 
craindredans ces  conduits,  sil'aspiration  de  la  cheminee centralede  ven- 
tilation etablie  au-dessus  de  chaque  pavilion  est  assuree. 

Avec  le  nouveau  systeme,  il  suffira,  pour  assurer  l'evacuation  de  l'air 
vicie  de  tout  un  pavilion,  d'installer  un  jet  d'air  comprime  a  la  base  et 
dans  l'axe  de  la  cheminee  centrale. 

Le  diametre  de  ce  jet  sera  regie,  suivant  les  besoins,  et  suivant  Taction 
de  la  ventilation  naturelle  au  moyen  d'un  injecteur  a  cdne  ou  a  disque. 

Pour  que  le  jet  d'air  comprime  puisse  produire  son  elfet  dans  la  che- 
minee, il  est  necessaire  que  celle-ci  ait  en  hauteur  environ  six  fois  le  dia- 
metre. Dans  le  cas  ou  Ton  voudrait  reduire  cette  hauteur,  on  pourrait 
installer,  au  lieu  d'un  jet  unique,  plusieurs  jets  moteurs  disposes  syme- 
triquement  par  rapport  a  l'axe  de  la  cheminee. 

Cette  derniere  disposition  etait  indiqu6e  dans  un  projet  remis,  il  y  a 
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environ  un  an,  a  M.  le  directeur  de  l'Assistance  publique,  pour  un  essai 
de  ventilation  par  l'air  comprime  sur  le  pavilion  des  hommes  n°  2,  de 
l'h6pital  Lariboisiere. 

II  n'y  a  point  a  se  preoccuper  ici  de  la  question  du  transport  d'une 
certaine  quantite  d'air  comprime  au  sommet  de  chaque  pavilion.  On  sait 
d'avance  que  l'air  comprime  se  transporte  de  lui-meme,  et  sans  perte 
de  charge  sensible,  a  des  distances  considerables,  dans  des  conduites 
dont  les  diametres  sont  convenablement  calcules. 

La  premiere  parlie  du  probleme  n'offre  done  aucune  difficulte. 

J'aborde  maintenant  la  question  de  la  rentree,  de  l'airnouveau,  et  pour 
fixer  les  idees,  je  supposerai  qu'il  s'agit  d'un  hdpital  divise  en  pavilions 
semblables  a  ceux  de  Lariboisiere. 

Ces  pavilions,  etablis  sur  caves,  presentent  un  rez-de-chaussee  et  deux 
etages.  Chaque  etage  comprend  uue  salle  principale  de  trente-deux  lits. 

Dans  chacune  de  ces  salles  sont  installes  quatre  poeles  a  air  sur  la  ligne 
centrale. 

Je  conserve  la  disposition  de  ces  quatre  pofiles  qui  me  parait  excellente 
pour  la  rentree  de  l'air  nouveau  et  sa  repartition  dans  la  salle. 

Maisaux  gaines  derefoulement  des  pavilions  des  hommes  et  aux  cani- 
veaux  d'aspiration  des  pavilions  des  femmes,  je  propose  de  substituer 
une  disposition  beaucoup  plus  simple  et  que  je  vais  esquisser  en  quelques 
mots. 

Sur  les  quatre  lignes  verticales  passant  par  les  axes  des  qualre  poeles 
d'une  meme  salle,  j'etablis  une  colonne  creuse  ou  gaine  verticale  dont 
la  base  inferieure  penetre  jusque  dans  les  caves  du  pavilion,  et  dont  la 
partie  superieure  viendra  se  terminer  a  la  base  du  poele  de  la  salle  du 
2°  etage. 

La  section  de  cette  colonne  ira  en  diminuant  avec  sa  hauteur,  defacon 
a  ce  que  la  partie  inferieure,  destinee  a  l'alimentation  de  trois  poeles,  soit 
precisement  le  triple  de  la  partie  superieure  qui  n'aura  a  conduire  que 
le  volume  debite  par  un  seul  poele. 

J'installe  a  la  base  de  chacune  de  ces  quatre  colonnes  un  jet  d'air 
comprime  qui  refoulera  dans  les  trois  salles  l'air  nouveau  pris  dans  les 
caves. 

II  va  sans  dire  que  les  caves  etant  elle-memes  en  communication  directe, 
par  des  soupiraux  verticaux,  avec  lescours  etjardinsqui  entourent  cha- 
que pavilion,  l'air  nouveau,  ainsi  introduit,  aura  tout  le  degre  de  purete 
desirable. 

Cette  disposition  est  a  la  fois  simple  et  economique.  Elle  offre  une 
certaine  analogie  avec  celle  de  la  grande  cheminee  centrale  de  l'h6pital 
de  Glascow :. 

Reste  maintenant  la  question  de  chauffage  pendant  l'hiver. 


1.  Eludes  sur  la  ventilation,  1"  volume,  page  30. 
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Elle  ne  me  parait  presenter  aucune  difficulty. 

Les  colonnes  et  les  poeles  qui  fourniront  en  ete  de  1'air  frais  refoule 
par  l'air  comprime,  peuvent  parfaitement  fournir  en  hiver  de  l'air  chaud 
ou  plut6t  de  l'air  tiede  refoule  par  le  meme  procede. 

Pour  obtenir  ce  resultat,  il  suffira  d'installer  dans  les  caves  de  chaque 
pavilion  un  ou  plusieurs  caloriferes,  et  d'y  menager  des  chambres  de 
melange  semblables  a  celles  qui  existent  au  Conservatoire  des  Arts  et 
Metiers. 

Pendant  la  saison  d'hiver,  l'air  nouveau  passera  par  la  chambre  de 
melange. 

Une  telle  disposition  est  evidemment  facile  a  realiser  avec  une  ma- 
noeuvre simple  de  portes  et  de  registres. 

Telles  sont,  en  substance,  les  dispositions  qu'on  pourrait  adopter  pour 
la  ventilation  complete  et  le  chauffage  a  Fair  tiede  d'un  pavilion  d'ho- 
pital. 

Permettez-moi  maintenant,  Messieurs,  de  vous  soumettre  un  calcul 
approximatif  de  la  force  motrice  qui  serait  necessaire  pour  ventiler  un 
hopital  dans  ces  conditions. 

Supposons  qu'il  s'agisse  d'un  hopital  de  l'importance  de  celui  de  La- 
riboisiere,  c'est-a-dire  comportant  6  pavilions  a  3  salles  contenant  32 
malades  chacune.  Ce  sera  en  tout  environ  600  malades. 

Supposons  en  outre  qu'on  se  propose  de  donner  100  metres  cubes  par 
lit  et  par  heure,  proportion  superieure  a  celle  admise  generalement,  et 
surtout  a  celle  realisee  dans  la  pratique. 

II  s'agira  done  d'evacuer  par  heure  60,000  metres  cubes  d'air  plus  ou 
moins  vicie  provenant  des  salles  et  d'y  refouler  dans  le  meme  temps  un 
volume  egal  d'air  nouveau. 

Je  ne  tiendrai  pas  compte  dans  mon  calcul  de  l'influence  de  la  ventila- 
tion naturelle. 

Je  calculerai  d'abord  le  diametre  de  la  cheminee  d'evacuation  de  cha- 
que pavilion,  de  maniere  a  ce  que  l'air  vicie  en  soit  expulse  avec  une 
vitesse  de  2m.00  qui  me  paratt  necessaire  pour  que  la  ventilation  ait  une 
certaine  stabilite. 

Cette  cheminee  devant  evacuer  10,000  metres  cubes  par  heure  a  la  vi- 
tesse de  2m.00,  son  diametre  serade  1m.35,  et  sa  hauteur  de  8m.00  environ. 

Pour  calculer  maintenant  le  diametre  de  la  partie  inferieure  d'une  co- 
lonne  de  refoulement,  j'adopterai  1m.00  seulement ,  comme  vitesse  de 
rentree  de  l'air  nouveau  par  les  poeles. 

Chaque  colonne  devant  fournir  2,500  metres  d'air  nouveau  par  heure 
■a  la  vitesse  de  1m.00,  le  diametre  de  la  partie  inferieure  dans  laquelle 
fonctionnera  le  jet  moteur  sera  de  0m.95,  correspondant  a  une  section  de 
0m<1.71. 

La  section  de  la  colonne  dans  la  traversed  de  la  salle  du  rez-de-chaus- 
sde  sera  de  0m,1.47. 
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Dans  latraversee  de  la  salle  du  1 cr  etage  la  section  sera  reduite  a  0m(J.24. 

L'ouverture  libre  de  chaque  poeie  sera  ^galement  de  0mq.24. 

Quelle  sera  maintenant  la  force  motrice  necessairepour  mettre  l'air  en 
mouvement  dans  ces  appareils? 

Elle  dependra  evidemment  du  degre  de  pression  de  l'air  moteur. 

Or,  rien  ne  s'oppose  a  ce  qu'on  emploie  dans  l'application  dont  il  s'a- 
git  de  l'air  comprime  a  basse  pression,  comme  au  palais  de  l'Exposition 
universelle  de  1867. 

L'exageration  des  diametres  des  conduites  d'air  comprime  pourrait 
seule  faire  obstacle  a  ce  projet;  mais  nous  verrons  plus  loin  que  cette 
exageration  n'est  pas  a  craindre. 

Je  supposerai  done  que  l'air  moteur  sera  a  la  pression  moyenne  de 
0m.40  de  hauteur  d'eau. 

Les  resistances  que  l'air  vicie  eprouvera  dans  son  passage  par  les  con- 
duites et  gaines  d'evacuation,  ne  seront  guere  plus  grandes  que  celles 
qu'on  a  constatees  dans  les  galeries  souterraines  du  Champ  de  Mars, 
surtout  si  on  augmente  un  peu  la  section  des  petits  conduits  pratiques 
dans  l'epaisseur  des  murs  longiludinaux. 

Quant  a  celles  que  l'air  nouveau  eprouvera  dans  son  passage  par  les 
colonnes  de  refoulement ,  elles  seront  evidemment  moindres. 

On  peut  done  admettre  que,  dans  l'application  projetee,  les  resistances 
seraient  comparables  a  celles  admises  pour  l'application  au  palais  du 
Champs  de  Mars. 

Le  calcul  de  la  force  motrice  peut  done  etre  etabli  sur  les  mfimes  bases. 

Or,  dans  l'application  du  Champ  de  Mars,  on  a  calcule  sur  une  moyenne 
d'entrainement  de  6,700  metres  cubes  a  la  vitesse  de  2m.00. 

En  partant  de  cette  base,  on  trouvera  que  le  nombre  de  chevaux  ne- 
cessaire  pour  l'extraction  de  60,000mc  d'air  vicie  par  heure,  sera  de  : 

^lM=      .„••■■  8-.9S, 
6,700 

Toutefois,  pour  tenir  compte  du  volume  de  l'air  comprime  qui  n'est 
pas  compris  dans  la  masse  aspiree,  et  qui  entre  dans  la  masse  refoulee 
\ 

pour  —  environ,  il  convient  de  porter  revaluation  de  cette  premiere  par- 

tie  dela  force  motrice  a   9C.40 

Quant  a  la  force  motrice  necessaire  pour  produire  le  refoulement, 

a  la  vitesse  de  1m,  de  60,000mc  d'air  nouveau,  y  compris  le  volume  de  l'air 

comprime  moteur,  on  doit  la  calculer  sur  le  pied  de2x6,700  =  13,400mC 

par  force  de  cheval. 
Elle  sera  done : 

6M00=  4c50 
13,400 
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La  force  motrice  to  tale*  pour  la  ventilation  complete  d'un  h6pital  de 
600  lits,  a  raison  de  1 00mc  par  heure  et  par  lit,  serait  done  : 

9c.40-f  4C.50 

Nombre  rond  :  

C'est  celle  d'une  locomobile  ordinaire. 

Quant  au  volume  d'air  comprime,  il  sera  au  maximum  : 

1°  6Q^QQ  =  3,000mc  pour  l'aspiration; 

2°  6°'^QQ  =  1 ,500mc  pour  le  refoulement. 
40 

En  tout :      4,500mc  par  heure. 

Or,  ce  volume  total  devant  se  partager  en  deux  parties  egalespour  6tre 
dirige  vers  les  pavilions,  supposes  disposes  commea  Lariboisiere,  il  suf- 
fira  de  donner  a  chaque  conduite  de  depart  un  diametre  de  0m.45  a  0m.50, 
pour  reduireles  pertes  de  charge  a  des  hauteurs  d'eau  insignifiantes. 

Tel  est,  Messieurs,  le  projet  d'application  a  un  grand  h6pital  que  je 
soumets  a  votre  discussion  eclairee. 

Si  vous  reconnaissez  que  je  ne  me  suis  pas  trompe  dans  mes  apprecia- 
tions, vous  reconnaitrez  egalement,  je  l'espere,  que  les  systemes  de  ven- 
tilation employes  jusqu'a  ce  jour  seraient  impuissants  pour  produire  un 
tel  effet,  soit  avec  la  force  motrice  de  4  4  chevaux,  soit  avec  le  combustible 
qui  la  represente. 

Avant  de  quitter  ce  sujet  si  important  de  la  ventilation  des  h6pitaux, 
veuillez  me  permettre  de  vous  soumettre  une  derniere  remarque. 

Vous  savez,  Messieurs,  quel'opinion  publique  s'est  preoccupee,  a  tort 
ou  a  raison,  dans  ces  derniers  temps,  alors  que  le  cholera  regnait  dans 
Paris,  de  l'influence  que  pouvait  exercer  sur  les  environs  l'air  vicie  sor- 
tant  des  cheminees  de  ventilation. 

L'administration  de  l'Assistance  publique  a  meme,  a  cette  epoque,  em- 
ploye des  moyens  pour  desinfecter  cet  air  vicie  avant  son  expulsion  dans 
l'atmosphere. 

J'aurai  l'honneur  de  faire  remarquer  a  ce  sujet,  que  le  systeme  de  ven- 
tilation par  Fair  comprime  permet  de  mettre  en  ceuvre  un  moyen  de  de- 
sinfection  aussi  simple  qu'efficace. 

II  suffit,  en  effet,  d'adapter  a  la  base  de  la  cheminee  de  ventilation  une 
tubulure  analogue  a  celle  du  chalumeau  a  air  comprime. 

Cette  tubulure  donnera  immediatement  le  moyen  d'appeler  une  pro- 
portion determined  d'air  sature"  d'un  principe  gazeux  desinfectant,  tel 
que  le  chlore  par  exemple. 

Le  melange  intime  qui  s'opererait  dans  le  trajet  de  la  cheminee  favo- 
riserait  singulierement  la  desinfection  de  l'air  vicie\ 


13c.90 
14c.00 


—  48  — 


3°  APPLICATION  AUX  THEATRES. 

Que  se  passe-t-il  aujourd'hui,  dans  nos  salles  de  theatre,  au  point  de 
vue  du  renouvellement  de  l'air? 

Le  premier  eifet  que  chacun  de  nous  a  pu  constater  par  lui-meme,  et 
qui  n'est  malheureusement  que  trop  connu,  c'est  la  rentree  de  l'air  nou- 
veau  par  les  portes. 

Si  de  l'air  nouveau  rentre  ainsi  dans  la  salle,  avec  des  vitesses  assez 
grandes  pour  incommoder  les  spectateurs,  c'est  que  l'air  de  la  salle  est 
lui-meme  aspire  vers  l'exterieur  par  d'autres  ouvertures  et  avec  une  cer- 
taine  energie. 

On  a  constate  en  effet,  que  dans  les  anciennes  salles  de  theatre,  ou  rien 
n'a  ete  prevu  pour  la  ventilation,  des  quantites  relativement  conside- 
rables  d'air  etaient  extraites  par  la  seule  action  du  lustre. 

Dans  une  experience  faite  le  25  fevrier  1863,  au  theatre  de  l'Opera 
actuel,  le  volume  d'air  evacue  par  heure  a  atteint  le  chiffre  moyen  de 
28,800  metres  cubes1. 

Cet  air  sort  par  une  ouverture  dont  la  section  totale  est  de  4mq.35  et 
qui  est  pratiquee  dans  le  plafond  autour  de  la  suspension  du  lustre. 

Le  12  mars  1863,  pendant  un  bal  de  nuit  de  la  mi-careme,  ce  volume 
s'est  eleve  jusqu'a  33,000  metres  cubes. 

En  avril  1863,  des  experiences  analogues  out  constate  une  evacuation 
d'air  de  11 ,900  metres  cubes  par  heure  au  Theatre-Italien. 

Le  lustre  d'un  theatre  est  done  un  veritable  appareil  de  ventilation 
par  appel,  et  mfime  un  appareil  assez  puissant. 

La  rentree  de  l'air  nouveau  est  necessairement  proportionnee  a  la  sortie 
de  l'air  vicie  et  echauffe. 

II  va  sans  dire  que  dans  les  anciennes  salles ,  la  totalite  de  l'air  nou- 
veau rentre  necessairement  par  les  portes,  quand  le  rideau  est  baisse ;  et 
principalement  par  la  scene,  quand  le  rideau  est  leve. 

Tels  sont,  en  resume,  les  effets  d'aeration  qui  se  produisent  dans  une 
ancienne  salle  de  spectacle,  e'est-a-dire  dans  la  presque  totalite  de  nos 
theatres. 

Cette  aeration  est  extrSmement  gfinante  pour  les  spectateurs.  Aussi  la 
temperature  atteint-elle  souvent  des  proportions  senegaliennes. 

On  a  cherche  a  parer  a  ces  graves  inconvenients  dans  la  construction 
destrois  nouveaux  theatres,  Lyrique,  du  Chatelet  et  de  la  Gaite. 

Vous  connaissez  sans  doute,  messieurs,  les  installations  speciales  dc 
ces  nouvelles  salles.  Je  vous  demandcrai  cependant  la  permission  de  les 
rappeler  ici  d'une  maniere  sommaire,  avant  d'en  discuter  les  effets. 

1.  Etudes  sur  la  ventilation,  2C  volume,  page  290. 
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On  a  d'abord  substitue  au  lustre  un  systeme  d'eclairage  place  au-des- 
sus  de  la  salle.  La  luniiere  passe  ainsi  atravers  un  plafond  lumineux. 

Cette  innovation  peut  etre  un  progres  au  point  de  vue  de  l'eclairage ;  mais 
considered  au  point  de  vue  de  l'appel  de  l'air  vicie  et  echauffe,  elle  doit 
occasionner  un  supplement  de  resistances. 

En  effet,  l'air  vicie  ne  peut  plus  sortir  librement  par  les  rosaces  et  ou- 
vertures  du  plafond,  comme  cela  a  lieu  dans  les  salles  eclairees  par  des 
lustres,  attendu  que  le  plafond  lumineux  est  completement  ferme. 

Cet  air  est  dirige  vers  la  coupole  qui  contient  l'appareil  d'eclairage,  par 
une  serie  de  gaines  verticales  qui  communiquent  avec  l'atmosphere  de  la 
salle,  aux  divers  etages/par  des  grilles  ouvertes  dans  les  plafonds  des 
loges  ou  des  salons  qui  y  sont  annexes. 

Toutefois  la  couche  inferieure  d'air  vicie  provenant  du  parterre,  de 
l'orchestre  et  des  baignoires  est  appelee  dans  deux  cheminees  de  ventila- 
tion speciales  par  une  premiere  serie  d'orifices  disposes  sous  les  sieges 
de  l'orchestre  et  du  parterre,  et  une  seconde  serie  d'orifices  ouverts  dans 
le  plancher  inferieur  des  baignoires. 

Les  deux  cheminees  dont  il  s'agit  constituent  deux  appareils  supple- 
mentaires  de  ventilation  par  appel,  qui  recoivent  les  tuyaux  de  fumee  des 
caloriferes  et  qui  sont  munis  d'ailleurs  de  foyers  a  leur  base. 

Telles  sont  les  installations  executees  au  Theatre-Lyrique,  pour  1' eva- 
cuation de  l'air  vicie. 

Ce  systeme  n'est  pas  exempt  d'une  certaine  complication  qui  necessite 
des  soins  particuliers  pour  en  assurer  le  fonctionnement  normal. 

II  faut  d'abord  ne  pas  negliger  d'allumer,  en  ete  surtout,  les  foyers  des 
deux  cheminees  d' appel  supplementaire  qui  consomment  300  kilog.  de 
charbon  par  soiree,  precaution  qui,  parait-il,  est  souvent  negligee. 

II  faut  ensuite  que  tout  le  systeme  des  gaines  de  communication  entre 
la  salle  et  la  coupole  d'eclairage  d'une  part,  et  d'autre  part  entre  la  salle 
et  la  base  des  deux  cheminees  de  ventilation,  soit  entretenuen  bon  etat, 
et  que  les  registres  dont  sont  munis  les  appareils  soient  manoeuvres  avee 
intelligence,  de  maniere  a  repartir  aussi  egalementque  possible  l'evacua- 
tion  de  l'air  vicie. 

II  faut  enfin  que  la  coupole  qui  renferme  l'appareil  d'eclairage  ne  pre- 
sente  d'autres  ouvertures  que  celles  des  gaines  aspirant  l'air  vide"  de  la 
salle. 

Sans  cette  precaution,  on  comprend  que  de  l'air  autre  que  celui  de  la 
salle  serait  appele  dans  cette  coupole.  Alors  le  volume  d'air  total  qui 
passe  par  la  lanterne  qui  surmonte  le  toit  de  1' edifice,  ne  representerait 
plus  le  volume  reellement  6vacue  de  la  salle. 

Je  passe  maintenaut  aux  installations  relatives  a  la  rentree  de  l'air 
nouveau. 

Ce  que  je  vais  dire  se  rapporte  au  Theatre-Lyrique. 

Pour  que  les  rentrees  d'air  nouveau  nepuissent  incommoder  les  spec- 
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tateurs,  on  a  pratique  sur  tout  le  pourtour  des  balustrades  des  loges  et 
balcons,  a  tous  les  etages  et  dans  la  partie  inferieure  de  ces  balustrades, 
des  ouvertures  par  lesquelles  l'air  nouveau  est  introduit. 

Ces  ouvertures  communiquent  avec  une  capacite  menageesous  le  plan- 
cher  des  loges  et  balcons  qui  presente  ainsi  un  double  fond.  Cette  capa- 
cite communique,  a  son  tour,  avec  le  soubassement  du  theatre.  Enlin  le 
soubassement  est  mis  lui-meme  en  communication  par  une  grande  gale- 
rie  avec  un  puits  d'aerage  etabli  dans  le  square  de  la  tour  Saint-Jacques. 

Tel  est  le  chemin  ouvert  a  Fair  exterieur  et  qui  lui  permet  de  penetrer 
dans  la  salle. 

Le  principe  de  cette  heureuse  disposition  qui  met  les  spectateurs  par- 
faitement  a  l'abri  des  rentr^es  de  l'air  exterieur  est  du  a  Darcet. 

Dans  l'application  qui  en  a  ete  faite  au  Theatre-Lyrique,  on  a  eu  soin 
d'etablir  deux  caloriferes  dans  le  soubassement,  et  pour  ainsi  dire  sur 
le  chemin  de  l'air  nouveau. 

Cette  installation  completee  par  des  chambres  de  melange  permet  de 
chauffer  la  salle  par  les  memes  canaux  et  orifices  qui  servent  k  sa  venti- 
lation. 

Telles  sont,  en  resume,  les  installations  faites  au  Theatre-Lyrique,  en 
vue  de  sa  ventilation  et  de  son  chauffage. 

M.  le  general  Morin,  qui  en  sa  qualite  de  rapporteur  d'une  commission 
institute  ad  hoc  par  M.  le  Prefet  de  la  Seine,  a  pris  une  grande  part  a  ces 
installations,  va  nous  apprendre  comment  fonctionne  ce  systeme. 

Quelques  jours  apres  l'ouverture  du  theatre,  le  9  decembre  1862,  on  a 
constate  une  evacuation  d'air  total  par  la  lanterne  de  60,051  metres  cubes 
et  une  rentree  d'air  par  la  galerie  de  la  tour  Saint- 
Jacques  de   30,850  metres  cubes. 

C'est  un  effet  de  ventilation  tout  a  fait  serablable  a  celui  qui  se  pro- 
duit  a  l'h6pital  de  Lariboisiere,  pavilions  des  femmes ,  en  ce  sens  que  le 
volume  d'air  nouveau  introduit  n'est  que  la  moitie  environ  du  volume 
evacue.  Le  complement  devaitdonc  necessairement  rentrer  dans  la  salle 
par  les  portes  ou  par  la  scene ;  d'ou  Ton  est  en  droit  de  conclure  quel'un 
des  termes  du  probleme  n'est  pas  resolu. 

Mais  il  est  important  de  remarquer  de  suite  que  l'experience  ci-dessus 
a  et&  faite  en  hiver,  par  une  temperature  exterieure  de  -j-  8°,  et  alors  que 
les  caloriferes  etaient  allumes. 

Or,  il  est  evident  que  Taction  de  ces  caloriferes  a  du  contribuer  nota- 
blement  k  l'aspiration  de  l'air  du  puits  d'aerage. 

Ces  caloriferes,  en  effet,  constituent  un  second  appareil  de  ventilation 
par  appel  intercale  sur  le  chemin  que  l'air  exterieur  parcourt  entre  le 
puits  d'aerage  et  la  salle. 

On  peut  done  pressentir  d'avance  que  les  30,850  metres  cubes  d'air 
rentrant,  constates  le  9  decembre  1862,  sont  un  maximum  qui  n'est  pas 
atteint  en  6te. 
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Du  reste  l'ouvrage  tant  de  fois  cite  de  M.  le  general  Morin  va  nous 
renseigner  a  ce  sujet. 

L'honorable  general  a  consacre  une  note  speciale  C,  aux  experiences 
qui  ont  ete  entreprises,  en  mai  1863,  sous  sa  propre  direction,  et  en 
vertu  d'un  arrete  M.  le  Prefet  de  la  Seine. 

Le  but  de  ces  experiences  etait  d' avoir  une  appreciation  des  effets  que 
Ton  peut  reellement  obtenir  des  appareils  etablis,  en  les  faisant  fonc- 
tionner  d'une  maniere  convenable. 

M.  le  general  Morin  se  plaint  vivement,  dans  cette  note,  de  l'etat 
d' abandon  dans  lequel  il  a  trouve  les  appareils,  apres  un  fonctionne- 
ment  de  quelques  mois  seulement. 

II  constate  d'abord  que  par  suite  de  negligences  qu'il  attribue  a  la  di- 
rection du  theatre,  le  volume  d'air  extrait  de  la  salle  etait  reduit  a 
23,500mcpar  heure,  au  commencement  de  mai,  volume  fixe  parle  cahier 
des  charges  a  54,000mc,  et  qui  atteignait  le  chiffre  de  60,000mc  le  9  de- 
cembre  precedent. 

Quant  a  la  rentree  de  i'air  nouveau,  par  les  ouvertures  menagees  a  cet 
effet,  elle  avait  pour  ainsi  dire  cesse  de  fonctionner,  et  le  remplace- 
ment  de  l'air  vicie  ne  se  faisait  plus  que  par  la  scene,  par  les  couloirs  et 
par  d'autres  ouvertures  plus  ou  moins  irregulieres,  ce  qui  donnait  lieu 
a  des  courants  d'air  fort  genants.  • 

Apres  avoir  fait  remettre  les  choses  en  etat,  M.  le  general  Morin  a 
fait,  les  23,  24,  25,  26  et  30  mai,  cinq  experiences  dont  il  a  consigne  les 
resultats  dans  un  tableau,  d'ou  j'extrais  les  donnees  suivantes  : 


TEMPERATURE 

Volume  d'air 

Volume  d'air 

Consommation  de  charbon 

DATES. 

nouveau 

yic\& 

par  soiree. 

ext£rieure. 

venantdu  square 

evacue 

par  heure. 

par  heure. 

Caloriferes. 

Chemine'es  d'appel 

de  1'orchestre. 

d«gres. 

ra.  cb. 

m.  cb. 

k. 

k. 

23  mai  18G5.. 

14.25 

15,439 

53,G31 

too 

75 

24    —  .... 

13.25 

18,433 

56,675 

» 

125 

25  —   

11.25 

17,223 

53,157 

B 

200 

26    —  .... 

13.25 

14,623 

53,718 

a 

300 

30  —   

21.00 

10,587 

61,718 

)i 

300 

Moyennes . 

15.261 

55.780 

» 

i 

II  resulte  de  ce  tableau  que  les  ouvertures  m<5nagees  pour  la  rentree 
de  l'air  nouveau  n'ont  pas  fourni  en  moyenne  le  tiers  du  volume  d'air 
6vacue.  Plus  des  deux  tiers  de  ce  volume  rentraient  done  par  les  portes 
ou  par  la  scene. 

Remarquons  en  outre,  Messieurs,  que  le  30  mai,  la  temperature  ext6- 
rieure  s'etant  elev^ea  21°,  soit  7°  de  plus  que  le  26  mai,  le  volume  d'air 
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nouveau  ven ant  du  square  n'a  atteint  qu'un  sixieme  environ  du  volume 
£vacue\ 

Cette  indication  donne  une  idee  des  effets  de  la  ventilation  d'ete. 

M.  le  general  Morin,  en  la  signalant  lui-m6me,  fait  remarquer  qu'il 
avait  prevu  cette  diminution  de  la  rentr^e  de  Fair  nouveau  exterieur,  au 
fur  et  a  mesure  de  1*  Elevation  de  la  temperature  de  cet  air,  et  que  pour 
rem^dier  a  cet  inconvenient,  il  avait  propose,  pour  la  saison  d'ete,  l'ou- 
verture  de  prises  d'air  plus  directes. 

Quoi  qu'il  en  soit,  nousvoici  suffisammentrenseignds  sur  les  effets  de 
ventilation  du  Theatre-Lyrique;  et  je  vaisles  resumer  en  quelques  mots, 
ainsi  qu'il  suit  : 

1°  Pendant  la  saison  d'hiver,  le  volume  d'air  nouveau  exterieur  qui 
rentre  dans  la  salle,  par  les  ouvertures  m&iagdes  a  cet  effet,  est  d'envi- 
ron  moitie  du  volume  d'air  vicie  evacue  par  Inspiration  de  l'appareil 
d'eclairage  et  des  deux  cheminees  d'appel  supplementaires. 

2°  Au  printemps,  cette  proportion  tombe  au-dessous  du  tiers. 

3°  Dans  la  saison  d'ete  elle  dirainue  jusqu'au  sixieme. 

II  est  done  bien  6tabli  que  le  probleme  de  la  ventilation  n'a  point  ete 
resolu  d'une  maniere  complete  dans  les  installations  de  nos  nouveaux 
theatres. 

11  ne  le  sera  reellement  que  le  jour  oil  Ton  parviendra  a  6galiser  le  vo- 
lume evacue  et  le  volume  rentrant  par  les  ouvertures  menagees  a  cet 
effet,  de  facon  a  annuler  completement  les  rentrees  d'air  par  les  portes, 
quisont  le  principal  inconvenient  de  nos  salles  de  spectacle. 

II  me  reste  maintenant  a  vous  soumettre,  Messieurs,  une  solution 
complete  du  probleme,  solution  qui  vous  frappera  par  sa  simplicity. 

Je  vais  prendre  pour  exemple  le  Theatre-Lyrique,  puisque  nous 
sommes  maintenant  familiarises  avec  ses  dispositions. 

En  ce  qui  concerne  l'evacuation  de  l'air  vicie,  je  ne  changerais  rien 
aux  installations  actuelles  qui  peuvent  fournir  une  evacuation  de 
60,000mc  d'air  par  heure. 

Je  ne  ferais  intervenir  l'entrainement  de  Fair  comprime  que  dans  le 
cas  oh  cette  evacuation  serait  reconnue  insuffisante. 

Je  ne  changerais  rien  non  plus  aux  dispositions  prises  pour  la  rentree 
de  l'air  nouveau  venant  du  puits  d'aerage  du  square  de  la  tour  Saint- 
Jacques. 

L'application  du  nouveau  systeme  se  bornerait  ici  a  l'installation  d'un 
jet  comprime  moteur  dans  l'axe  de  la  galerie  souterraine  existante  entre 
le  puits  d'aerage  et  le  soubassement  du  theatre. 

II  est  evident  que  cet  air,  qui  aujourd'hui  n'est  entraine  que  par  Tac- 
tion de  la  ventilation  naturelle,  et  dans  des  proportions  notoirement  in- 
suffisantes,  sera  ainsi  force  de  penelrer  dans  la  salle,  et  cela  dans  une 
proportion  que  Ton  pourra  determiner  d'avance. 

On  sera  done  certain  de  pouvoir  refouler  ainsi  un  volume  £gal  et 
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m§me  un  peu  superieur  au  volume  d'air  vicie  evacue\  ce  qui  annulera 
completement  les  rentrees  par  les  portes, 

Vous  me  trouverez  peut-etre,  Messieurs,  trop  affirmatif  sur  ce  dernier 
point,  qui  est  ici  en  definitive  le  noeud  de  la  question. 

Mais  permettez-moi  de  vous  citer  une  experience  que  nous  avons  faite 
plusieurs  fois,  MM.  Lehaitre,  Julienne  et  moi,  dans  une  petite  salle  si- 
tuee  dans  le  jardin  du  n°  76  de  la  rue  du  Cherclie-Midi,  experience  qui 
peut  se  repeter  a  volonte  et  que  nous  mettons  a  votre  disposition.  Cette 
experience  va  vous  demontrer  immediatement :  que  lorsqu'on  extrait 
d'une  salle  un  certain  volume  d'air  et  qu'on  y  refoule  artificiellement  un 
volume  sensiblement  egal,  aucune  rentree  d'air  ne  peut  se  produire  dans 
ladite  salle,  par  des  orifices  autres  que  ceux  par  lesquels  l'air  nouveau 
est  introduit. 

La  petite  salle  dont  je  parle  contient  environ  13mc  d'air. 

Un  jet  d'air  comprime  fonctionnant  dans  une  petite  cheminee  en  zinc 
de  0m.12  de  diametre,  y  produit  l'extraction. 

La  salle  est  construite  en  planches.  Tous  les  joints  des  portes  et  fene- 
tres  ont  ete  calfeutres  avec  beaucoup  de  soin. 

Quand  l'appareil  d' extraction  fonctionne,  les  portes  et  fenetres  etant 
parfaitement  closes,  l'air  exterieur  rentre  par  deux  ouvertures  circu- 
laires  de  0m.12  de  diametre  chacune. 

A  l'une  de  ces  ouvertures,  le  n°  I,  on  adapte  une  conduite  en  fer-blanc 
de  0m.12  de  diametre,  et  d'une  dizaine  de  metres  de  longueur  dans  l'axe 
de  laquelle  on  peut  faire  fonctionner  a  volonte  un  second  jet  d'air  corn- 
prime. 

Cette  installation  elementaire  est  une  reproduction  en  petit  de  celle 
qui  existe  au  Theatre-Lyrique.  Le  premier  jet  d'air  comprime  remplace 
l'appel  de  l'appareil  d'eclairage. 

La  conduite  en  fer-blanc  repr^sente  la  prise  d'air  du  square,  et  son 
orifice  dans  la  salle  les  ouvertures  menag^es  pour  la  rentree  de  l'air  ex- 
terieur. 

Enfin  le  deuxieme  orifice  circulaire  represente  une  porte  de  loge  ou- 
verte. 

Quand  le  premier  jet  fonctionne  seul ,  on  constate  deux  rentrees 
d'air  :  1°  par  la  conduite  et  l'orifice  n°  1 ;  2°  par  l'orifice  n°  2. 

La  premiere  est  moins  considerable  que  la  seconde,  en  raison  des 
resistances  que  l'air  6prouve  dans  son  trajet  par  la  conduite. 

Quand  on  fait  fonctionner  simultandment  les  deux  jets,  de  maniere  a 
ce  que  les  deux  courants  sortant  et  rentrant  aient  sensiblement  la  meme 
vitesse,  la  rentree  par  l'orifice  n°  2  est  annulee  instantanemcnt,  et  cela  au 
point  que  la  lumiere  d'une  bougie  n'rj  subit  aucune  deviation. 

C'est  le  resultat  tres-net  de  cette  experience,  laquelle  a  frappe  toutea 
les  personnes  qui  en  ont  et6  temoins,  qui  m'autorise  a  affirmer  ici,  que 
les  choses  ne  doivent  pas  se  passer  autrement  dans  une  grande  salle  de 
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thMtre,  ou  l'on  sera  parvenu  a  equilibrer  Inspiration  et  le  refoule- 
ment. 

Si  l'aspiration  domine  le  refoulement,  on  aura  toujours  plus  ou 
moins  l'inconvenient  des  rentrees  d'air  par  les  portes  des  loges. 

Si,  au  contraire,  le  refoulement  domine  l'aspiration,  il  ne  pourra  s'e- 
tablir  par  ces  ouvertures.qu'un  courant  dirige  du  dedans  au  dehors,  le- 
quel  sera  sans  inconvenient  pour  les-spectateurs,  ainsi  que  le  demontre 
la  sortie  de  Fair  vicie  des  amphitheatres  du  Conservatoire,  qui  n'incom- 
mode  nullement  les  auditeurs. 

Dans  le  probleme  de  la  ventilation  d'une  salle  de  theatre,  le  terme 
dont  l'importance  domine  est  incontestablement  la  rentree  de  1'air 
nouveau.  L'extraction  de  l'air  vide"  ne  vient  qu'en  seconde  ligne. 

II  importe,  en  effet,  avant  tout,  que  la  salle  soit  largement  approvi- 
sionnee  d'air  nouveau,  frais  en  eteet  tiede  en  hiver. 

II  n'est  pas  absolument  necessaire  que  la  totalite  de  l'air  nouveau  in- 
troduit  dans  la  salle,  par  les  ouvertures  m^nagees  a  cet  effet,  passe  par 
les  gaines  d'evacuation. 

L'exces  de  cet  air  peut  fitre  expulse  sans  inconvenient,  soit  par  les  ou- 
vertures des  portes,  soit  par  la  scene. 

J'ajouterai  que  le  volume  d'air  refould,  doit  etre  calcule,  non-seule- 
ment  sur  la  base  d'un  renouvellement  suffisant  au  point  de  vue  hygie"- 
nique,  mais  encore  en  vue  de  combattre  l'elevation  de  la  temperature 
qui  tend  a  se  produire  dans  la  salle. 

Pour  resoudre  le  probleme  ainsi  pos6,  par  application  au  The^tre- 
Lyrique,  il  suffirait,  comme  je  l'ai  deja  dit,  d'installer  un  jet  d'air  corn- 
prime  moteur  dans  la  galerie  souterraine  qui  met  en  communication  le 
puits  d'aerage  et  le  soubassement  du  theatre. 

Quelle  serait  la  force  motrice  necessaire  pour  entretenir  un  jet  moteur 
capable  de  refouler  dans  la  salle  65,000  metres  cubes  par  heure? 

Le  calcul  est  bien  facile. 

La  section  de  cette  galerie  est  d' environ  9m-i.00,  ce  qui  correspond  a 
un  diametre  de  3m.40. 

La  vitesse  d'entralnement,  dans  cette  galerie,  correspondent  au  vo- 
lume de  65,000  metres  cubes  est,  k  peu  de  chose  pres,  de  2m.00. 

Si  les  resistances  dues  au  refoulement  etaient  ici  les  mSmes  qu'au 
palais  du  Champ  deMars,  on  pourrait  calculer  sur  un  entrainement  de 
6,700  metres  cubes  par  force  de  cheval  du  moteur,  en  admettantde  l'air 
comprime  a  la  pression  moyenne  de  0m. 40  d'eau. 

Mais  il  est  probable  que  les  resistances  seraient  un  peu  plus  grandes, 
et,  pour  cette  raison,  je  reduirai  le  chiffre  precedent  a  6,500  metres 
cubes. 

La  force  du  moteur  serait  done  d'environ  10  chevaux,  pour  produire 
un  refoulement  d'air  de  65,000  metres  cubes,  independamment  de  la  ven- 
tilation naturelle. 
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En  tenant  compte  de  cette  action  qui  peut  atteindre  30,000  metres 
cubes  enhiver,  et  qui  descend  en  6te  a  \  0,000  metres  cubes  etprobable- 
ment  au-dessous,  on  peut  admettre  que  la  force  moyenne  a  de>elopper 
par  le  moteur  serait  reduite  a  8  chevaux  environ. 

En  calculant  sur  \  0  chevaux,  on  voit  que  la  defense  de  charbon  par 
heure  ne  serait  que  de  25  kilogrammes,  soit  de  150  kilogrammes  par 
soiree,  en  tenant  compte  de  l'allumage. 

Ce  n'est  que  la  moitie  de  la  consommation  des  deux  cheminees  de 
ventilation  supplemental  du  theatre,  qui  appellent  1'air  vicie  du  par- 
terre, de  l'orchestre  et  des  baignoires,  dans  une  proportion  qui  ne  de- 
passe  pas  20,000  metres  cubes  par  heure'. 

Ce  simple  rapprochement  vous  demontre  que  Fapplicatioti  du  nouveau 
systeme  au  The&tre-Lyrique,  choisi  comme  exemple,  serait  en  tout  cas 
<5conomique. 

4°  APPLICATION  AUX  NAVIRES. 

Je  m'apercois  aujourd'hui,  Messieurs,  que  j'ai  agi  dans  la  derniere 
seance  avec  une  certaine  legerete,  en  m'engageant  a  vous  soumettre  au- 
jourd'hui des  considerations  relatives  a  l'application  du  nouveau  systeme 
aux  navires. 

Je  vous  prierai  de  m'excuser  si  je  ne  remplis  pas  cette  partie  du  pro- 
gramme. 

Je  ne  possede  pas  encore  une  somme  de  renseignements  suffisante 
pour  aborder  cette  importante  question,  et  pour  latraiter  devant  vous 
d'une  maniere  conv enable. 

Si  les  renseignements  nous  manquent,  la  conviction  ne  nous  fait  pas 
defaut. 

Nous  croyons  fermement,  mes  collaborateurs  et  moi,  que  le  nouveau 
systeme,  convenablement  applique,  est  susceptible  de  rendre  les  plus 
grands  services  a  bord  des  batiments  de  la  marine  militaire  et  commer- 
ciale,  et  surtout  des  navires  a  vapeur. 

Ces  derniers  possedent  une  force  motrice  considerable,  sur  laquelle 
un  emprunt  de  2  pour  cent  environ,  au  profit  de  la  ventilation  complete 
du  navire,  passerait  pour  ainsi  dire  inapercue. 

L'air  comprime\  transportant  lui-meme  sa  propre  force,  serait  amene 
sur  un  point  quelconque  de  l'interieur  du  batiment  pour  y  provoquer 
le  renouvellement  de  l'air. 

L'air  nouveau  serait  pris  au-dessus  du  pont  et  rentrerait  par  des  man- 
ches  a  vent,  sous  la  pression  de  l'air  comprint. 

L'air  vicie\  expulse"  par  la  m6me  force,  serait  dirige-  vers  la  chemi- 
-nee  du  navire  laquelle  jouerait  ici  le  r61e  de  chemin6e  ggnerale  d' eva- 
cuation. 


1.  Etudes  sur  la  ventilation.  2e  volume,  page  355. 


Je  crois  devoir  me  borner,  quant  a  present,  a  ces  indications  generates, 
me  reservant,  si  vous  voulez  bien  m'y  autoriser,  de  vous  soumettre  plus 
tard  une  communication  speciale  sur  cette  question. 


5°  APPLICATION  A  LA  SOUFFLERIE  DES  FORGES. 


II  ne  s'agit  pas  ici,  Messieurs,  de  remplacer  les  machines  soufflantes 
des  hauts-fourneaux.  Notre  pretention  est  beaucoup  plus  modeste.  Elle 
se  borne  a  la  soufflerie  des  forges  ordinaires. 

Je  vais  prendre  comme  exemple  les  forges  d'une  usine  importante  que 
je  supposerai  alimentees,  comme  cela  a  lieu  generalement,  par  le  fonc- 
tionnement  d'un  ventilateur  simple  a  force  centrifuge. 

Pour  pouvoir  etablir  une  comparaison,  au  point  de  vue  de  la  force 
motrice,  avec  cet  appareil  de  soufflerie  et  celui  que  je  me  propose  d'y 
substituer,  je  supposerai  que  la  moyenne  de  la  pression  dans  les  carneaux 
porte-vent  est  de  0">.'l  0  de  hauteur  d'eau,  que  le  nombre  des  tuyeres  est 
de  50,  et  que  le  diametre  moyen  de  ces  tuyeres  est  de  0m.07. 

Je  ne  tiendrai  compte,  dans  mon  calcul  comparatif,  ni  de  la  perte  de 
charge  que  1'air  comprime  par  le  ventilateur  doit  eprouver,  dans  son 
trajet  par  les  carneaux,  entre  la  bouche  du  ventilateur  et  chaque  tuyere, 
ni  des  fuites  de  ces  carneaux. 

Ceci  pose,  je  vais  d'abord  calculer  la  force  en  chevaux-vapeur  de  la 
somme  des  50  jets  alimentes  par  le  ventilateur  a  la  pression  de  0m.1 0  d'eau, 
qui  correspond  a  une  vitesse  de  sortie  de  40  metre  par  1". 

La  force  motrice  d'un  jet  d'air  comprime,  d'un  centimetre  de  diametre, 
a  la  pression  p  correspondante  a  la  vitesse  de  sortie  V,  est  donnee  par  la 
formule : 


nous  auvons  : 

/"=0C.00432. 

La  force  totale  de  50  jets  de  0m.07  de  diametre  sera  done  : 

F  =  0.00432  X  49  x  50  =  iOc.58. 

En  admettant  maintenant  22%  pour  le  rendement  du  ventilateur,  on 
trouve  pour  la  force  motrice  developpee  par  le  moteur  : 


/'=0.0108Xf<V. 


(23) 


Si  dans  cette  formule  nous  faisons  : 


p=  0.01  ;  et  V  =  40  ; 


F'  = 


10.58 
0.22 


=  48c.10. 


Ainsidonc,  une  force  motrice  de  50  chevaux  environ,  serait  necessaire 
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pour  alimenter,  au  moyen  d'un  ou  plusieurs  ventilateurs  mecaniques, 
une  soufflerie  de  SO  tuyeres  de  0m.07  de  diametre,  a  la  vitesse  de  40m.00. 

Voici  maintenant  l'installation  que  necessiterait  l'application  de  l'air 
comprime"  a  cette  soufflerie. 

4°  Lemoteur  serait  employed  comprimerdel'air  a  la  pression  moyenne 
de  0m.90  de  hauteur  d'eau,  soit  a  la  pression  effective  :  ju  =  0a.09; 

2°  Cet  air  serait  d'abord  emmagasine  dans  un  recipient  de  quelques 
metres  de  capacite,  afin  de  pouvoir  regulariser  la  pression  independam- 
ment  du  nombre  des  tuyeres  fonctionnant  a  la  fois; 

3°  L'air  comprime  serait  conduit  du  recipient  aux  tuyeres  par  une 
canalisation  en  fonte  ou  en  tuyaux  Chameroy,  dont  les  diametres  se- 
raient  calculus  de  maniere  a  reduire  autant  que  possible  les  pertes  de 
charge ; 

4°  Des  branchements  seraient  pratiques  au  droit  de  chaque  forge  et 
alimenteraient  des  jets  moteurs  installes  dans  l'axe  et  a  la  base  de  chaque 
tuyere  portant  pavilion  et  presentant  un  diametre  interieur  de  0m.07; 

5°  L'orifice  du  jet  serait  obture  et  regie  a  volonte  par  un  appareil 
injecteur  a  cone  semblable  a  celui-ci. 

II  resulte  de  cette  installation,  que  l'ouvrier  pourra  faire  varier  a  vo- 
lonte l'energie  du  courant  de  la  tuyere,  et  que  ce  courant  presentera  une 
stabilite  pour  ainsi  dire  absolue,  si  la  pression  est  maintenue  constante 
dans  le  recipient. 

Avec  le  systeme  actuel,  la  vitesse  maximum  du  courant  de  la  tuyere 
est  limitee  par  la  pression  des  carneaux  porte-vent,  et  l'ouvrier  ne  peut 
faire  varier  que  le  volume  de  ce  courant,  et  non  pas  sa  vitesse. 

La  nouvelle  soufflerie  presenterait  done  des  avantages  pratiques  incon- 
testables  sur  les  souffleries  actuelles. 

Je  vais  maintenant  calculer  la  force  motrice  necessaire  pour  entretenir 
les  50  jets  moteurs  fonctionnant  simultan^ment,  a  la  pression  moyenne 
de  0m.90  d'eau,  etproduisant  dans  chaque  tuyere  un  courant  de  40m.00 
de  vitesse. 

La  tuyere  etant  un  appareil  simple,  et  la  vitesse  d'entrainement  ne  de- 
passantpas  40m.00,  je  puis  appliquer  ici,  pour  le  calcul  du  diametre  du 
jet,  la  formule  : 

U=404.4X^X 

Si  dans  cette  formule  je  fais  : 

U==  40m.00; 
D=  0m.07; 
etp=  0\09; 
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j'obtiendrai,  toutes  reductions  faites  : 

rf=0m.023. 

Ainsi  il  faudra  ouvrir  l'injecteur  a  c6ne,  de  maniere  a  ce  que  l'orifice 
de  sortie  de  l'air  moteur  soit  equivalent  a  un  cercle  de  0m.023  de  dia- 
metre,  pour  obtenir  dans  la  tuyere  un  courant  de  40m.00  de  vitesse  par  1 ". 

La  force  motrice  en  chevaux-vapeur  des  50  jets,  a  la  pression  de  0a.09, 
correspondante  a  la  vitesse  de  1  1  6  metres ,  sera  donnee  par  l'expres- 
sion : 

F  =  0.0108x0.09x  116  X50x 5.29  =  29c.82. 

Nous  pouvons  admettre  maintenant  60  °/„  pour  le  rendement  d'un  jeu 
de  pompes  de  compression,  dans  le  genre  des  exhausteurs  a  gaz. 
Ce  qui  nous  donnera,  pour  la  force  developpee  par  le  moteur  : 

29c.82 
0.60 

Soit  en  nombre  rond,  50  chevaux. 

On  voit  done  que  la  force  motrice  serait  a  peu  pres  la  raeme  dans  les 
deux  installations  de  soufflerie  que  je  viens  de  comparer  entre  elles. 

Mais  les  avantages  pratiques  de  la  soufflerie  a  air  comprime  ressortent 
d'eux-memes.  Je  crois  inutile  d'insister  davantage  sur  cette  question. 


J'ai  termine,  Messieurs,  et  je  crains  d' avoir  abuse  de  votre  temps. 
Permettez-moi  de  vous  remercier  de  nouveau  pour  votre  bienveillante 
attention. 


COMMUNICATION  de  M.  Lehaitre  sur  la  Ventilation  des 
mines  au  moyen  de  l'air  comprirne\ 


M.  de  Mondesir,  dans  la  derniere  seance  de  la  societe,  vous  a  expose 
la  theorie  du  systeme  de  ventilation  par  l'air  comprime  et  du  principe 
d'entrainement  des  fluides  gazeux,  il  vous  a  explique  le  moyen  qui  sera 
employe  pour  la  ventilation  du  gigantesque  Mtiment  destine  a  l'Exposi- 
tion  universelle  de  1867,  et  il  vient  d'exposer  celui  qu'on  pourrait  em- 
ployer avec  avantage,  pour  les  salles  de  spectacles,  les  h6pitaux,  les 
navires  et  pour  les  salles  et  appartements  ou  la  reunion  d'un  grand  nom- 
bre  de  personnes  exige  un  renouvellement  de  l'air,  soitpour  rendre  a  peu 
pres  constante  la  temperature,  soit  pour  fournir  aux  spectateurs,  mala- 
des,  etc.,  un  volume  d'air  ou  d'oxygene  suffisant  pour  que  la  respiration 
puisse  se  faire  dans  de  bonnes  conditions  hygieniques. 

Pour  continuer  l'expose  general  de  la  ventilation  par  l'air  comprime, 
je  vais  avoir  l'honneur  de  vousparler  d'unemaniere  succincte  des  moyens 
de  ventiler  les  mines. 

Les  mines  ont  surtout  besoin  d'une  ventilation  tres-active,  car  en  ou- 
tre de  l'air  vicie  produit  par  la  respiration  des  ouvriers,  il  y  a  encore  un 
grand  nombre  de  causes  qui  permettent  le  degagement  de  miasmes  et  de 
gaz  deleteres,  ce  qui  rend  l'air  des  mines,  non-seulement  irrespirable  en 
tres-peu  de  temps,  mais  encore  dangereux,  a  cause  des  inflammations 
quipeuvent  resulter  de  quelques-uns  de  ces  gaz. 

Toutes  les  mines  ne  sont  pas  dans  les  memes  conditions  :  les  gaz  qui  se 
repandent  dans  les  galeries,  provenant  en  grande  partie  des  minerals  ex- 
traits,  sont  de  ditferentes  natures,  mais  on  peut  dire  qu'ils  sont  tous  dele- 
teres, soit  par  eux-memes ,  soit  par  1' alteration  qu'ils  font  subir  a  l'air 
ambiant  en  diminuant  dans  le  volume  de  cet  air  la  quantite  d'oxygene 
necessaire  aux  organes  respiratoires.  II  faudrait  done,  pour  expliquer 
completement  le  systeme  de  la  ventilation  des  mines ,  examiner  toutes 
les  extractions  que  Ton  fait  dans  les  travaux  souterrains  et  indiquer  pour 
chaque  cas  particulier  un  moyen  special  de  ventilation. 

Ce  travail  entralnerait  dans  de  trop  longs  developpements,  mais 
comme  le  principe  m6me  de  la  ventilation  serait  le  meme,  nous  pensons 
qu'il  convient  de  se  borner  a  l'exposition  du  systeme  pour  les  mines  de 
charbon  et  principalement  pour  celles  dites  a  grisou,  c'est-;i-dire  pour 
celles  qui  degagent  des  gaz  combustibles  et  qui  sont  sujettes,  par  suite, 
a  des  detonations  causant  de  si  grands  malheurs  aux  ouvriers  employes 
dans  ces  mines  et  de  si  grandes  pertes  aux  proprietaires. 
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des  causes  de  l'alteration  de  l'air  dans  les  galeries  des  mines. 

Dans  ces  mines,  les  causes  qui  alterent  tres-promptement  l'air  respi- 
rable  et  qui  changent  la  composition  de  cet  air  sont  nombreuses,  mais 
les  principales  sont : 

1°  La  respiration  et  la  transpiration  des  ouvriers,  qui  versent  dans  l'air 
des  galeries  de  l'acide  carbonique,  de  l'azote  et  de  la  vapeur  d'eau. 

2°  La  combustion  des  lampes,  dont  les  ouvriers  sont  obliges  de  se  ser- 
vir,  ce  qui  augmente  le  volume  d'acide  carbonique,  de  l'azote  et  de  la 
vapeur  d'eau. 

3°  La  respiration  des  animaux  qui  servent  au  transport  des  materiaux 
extraits,  nouveau  degagement  d'acide  carbonique,  d'azote  et  de  vapeur 
d'eau. 

4°  La  decomposition  et  la  fermentation  des  matieres  fecales  et  anima- 
les  ,  qui  produit  des  miasmes  dangereux  et  des  gaz  deleteres  comme  le 
sulfite-hydrique. 

5°  La  combustion  lente  de  la  houille,  du  bois  servant  aux  blindages, 
et  la  decomposition  des  pyrites,  donnent  lieu  egalement  a  un  developpe- 
ment  d'acide  carbonique  et  produisent  un  degagement  de  gaz  combus- 
tibles, dont  les  principaux  sont  l'hydrogene,  l'hydrogene  proto-carbone, 
l'hydrogene  bicarbon^  et  l'oxide  de  carbone. 

Quelques  mines,  mais  heureusement  en  tres-petit  nombre ,  degagent 
en  outre  naturellement  de  l'acide  sulfureux  et  du  sulfide-hydrique. 

La  chaleur  naturelle  du  sol,  celle  produite  par  le  sejour  des  hommes 
et  des  animaux  et  aussi  la  necessite  d'avoir  un  grand  nombre  de  lampes 
allumees,  augmente  la  temperature  de  l'air  des  galeries  des  mines.  On 
concoit  done,  bien  facilement,  que  toutesces  causes  reunies  doivent  ren- 
dre  l'air  des  galeries  irrespirable  en  tres-peu  de  temps ;  aussi  il  est  ne- 
cessaire  et  indispensable  pour  une  bonne  exploitation,  de  renouveler 
souvent  cet  air,  afin  que  les  ouvriers  puissent  se  trouver  dans  des  condi- 
tions hygieniques  qui  leur  permettent  de  travailler,  tout  en  se  trouvant 
dans  un  milieu  sujet  a  de  si  grandes  variations  de  composition. 

II  est  facile  de  calculer  la  quantite  d'air  qu'il  faudrait  fournir  dans  les 
galeries  pour  renouveler  l'air  vicie  par  la  respiration  des  ouvriers,  par 
les  lampes  et  par  la  respiration  des  animaux  employes  dans  les  mines; 
mais  il  n'en  est  point  de  meme  pour  la  combustion  lente  des  minerais, 
des  pyrites  et  des  bois,  car  cette  combustion  est  plus  ou  moins  active 
suivant  que  la  temperature  de  la  mine  est  plus  ou  moins  61ev£e,  qu'il  y  a 
dans  les  galeries  une  plus  ou  moins  grande  quantite  de  vapeur  d'eau,  qui 
facilite  la  decomposition,  et  aussi  parce  que  le  degagement  des  gaz  com- 
bustibles se  produit  en  plus  ou  moins  grande  quantite,  suivant  la  nature 
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de  la  houille  de  la  mine  et  meme,  sur  certains  points  seulement  de  cette 
mine,  suivant  le  degre  de  decomposition  du  charbon. 

Onvoit,  par  ce  que  l'onvient  de  dire,  combien  il  est  difficile  de  calcu- 
ler  le  volume  de  l'air  a  envoyer  dans  les  galeries  des  mines,  pour  que  la 
ventilation  soit  complete,  pour  que  l'air  de  ces  galeries  soit  toujours  res- 
pirable. 

Tous  les  gaz  qui  se  forment  dans  les  galeries  des  mines  et  qui  alterent 
la  composition  de  l'air,  ont  des  densites  tres-differentes.  Quelques-uns 
l'acide  carbonique,  l'acide  sulfureux,  l'acide  sulfhydrique  dont  les  den- 
sites par  rapport  a  l'air  sont  de  1,53,  2,24  et  1,19  restent  dans  la  partie 
inferieure  des  galeries ,  tandis  que  le  gaz  hydrogene  protocarbone,  hy- 
drogene, hydrogene  bicarbone  et  oxyde  de  carbone,  dont  les  densites 
sont  0,60,  0,97,  0,07  et  0,96  se  placent  dans  les  parties  superieures  des 
galeries. 

Tous  les  gaz  de  la  premiere  categorie,  c'est-a-dire  tous  ceux  qui  ont 
une  densite  plus  grande  que  celle  de  l'air  et  qui  ont,  par  suite,  une  ten- 
dance a  rester  dans  les  parties  inferieures  des  galeries,  sont  tous  dele- 
terespar  eux-memes;  ilsagissent  sur  l'economie  animale  comme  des  poi- 
sons, et  leur  action  toxique  est  tres-considerable,  si  l'air  en  renferme  de 
2  a  4  p.  100.  Dans  un  milieu  ou  l'air  renferme  de  6  a  10  p.  100  d'acide 
carbonique  les  lumieres  s'eteignent  et  la  respiration  de  l'homme  est  im- 
possible1. 

Tous  les  gaz  plus  lourds  que  l'air,  et  qui  se  deposentpar  suite  dans  les 
parties  inferieures  des  galeries,  ne  sont  point  combustibles,  a  l'excep- 
tion,  toutefois,  de  l'acide  sulfhydrique  qui  est  detonant.  Mais  heureu- 
sement  il  se  trouve  toujours  en  tres-petites  quantites  dans  les  mines,  il 
est  tres-deletere  par  lui-m6me,  son  odeur  si  desagreable  le  fait  facile- 
ment  reconnaitre  :  on  peut  facilement,  par  suite,  prendre  des  precau- 
tions speciales  pour  eviter  ses  elfets ,  sur  les  points  ou  Ton  apercevrait 
son  degagement. 

Les  gaz  plus  legers  que  l'air  sont  tous  combustibles,  et  par  suite  plus 
ou  moins  detonants,  c'est-a-dire  qu'ils  ont  la  propriete  de  s'enflammer 
au  contact  d'une  flamme,  d'une  etincelle  electrique,  en  produisant  une 
detonation  semblable  a  celle  de  la  poudre.  Cette  inflammation  des  gaz 
combustibles  ne  peut  cependant  se  faire  si  Fair  n'est  point  melange 
clans  une  certaine  proportion  avec  ces  gaz,  c'est-a-dire  si  l'oxygene  de 
cet  air  ne  vient  point  former  leur  combustion  :  aussi  Ton  remarque 
qu'une  flamme  s'eteint  presque  subitement,  lorsqu'elle  est  plongee  dans 
l'un  des  gaz  combustibles. 

Les  gaz  qui  se  forment  dans  les  mines  de  charbon  et  qui  sont,  comme 

1.  Pour  que  la  respiration  des  ouvriers  puisse  s'opeYer  sans  diflkulle"  et  sans  danger  pour 
leur  sanl6,  il  faut  que  l'air  ne  renferme  point  au  dela  de  0,25  a  0,30  p.  100  d'acide  car- 
bonique, c'est-a-dirc  de  2  £  h  3  pour  1000. 
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nous  l'avons  dit  l'hydrogene,  l'hydrogene  protocarbone,  l'hydrogene  bi- 
carbone  et  l'oxyde  de  carbone ,  exigent  done  pour  produire  des  detona- 
tions ,  leur  melange  avec  une  certaine  quantity  d'air,  pouvant  fournir 
l'oxygene  indispensable  pour  la  formation  des  combinaisons  nouvelles 
de  gaz. 

Les  gaz  combustibles  qui  se  trouvent  dans  les  mines  sont  done  tous 
detonants  lorsqu'ils  sont  en  communication  avec  l'air  ,  mais  il  y  a  des 
limites  superieures  et  inferieures  de  melange,  ou  la  detonation  ne  peut 
s'effectuer,  6oit  que  l'air  ne  renferme  point  une  assez  grande  quantite  de 
gaz  combustible,  soit  que  l'oxygene  de  cet  air  et  par  suite  son  volume, 
ne  soit  point  en  assez  grande  quantite  pour  produire  la  combustion. 

D'apres  les  experiences  si  remarquables  de  Davy,  Dumas,  Bischoff,  et 
autres  chimistes,  rapportees  dans  un  ouvrage  de  M.  Hamal  sur  Itera- 
tion des  mines,  les  limites  extremes  d'inflammation  des  gaz  combusti- 
bles des  mines  sont,  pour  le  gaz  le  plus  inflammable,  de  1/6  de  gaz  pour 
la  limite  superieure  et  1/1 4  pour  la  limite  inferieure. 

Les  produits  de  la  combustion  des  gaz  des  mines  sont  differents  pour 
chacun  de  ces  gaz. 

Pour  l'hydrogene  bicarbone,  la  combinaison  produiteest  de  lavapeur 
d'eau,  de  l'acide  carbonique  et  de  l'azote. 

Pour  l'hydrogene  protocarbone,  les  produits  de  la  deflagration  sont 
les  memes,  mais  dans  des  proportions  differentes. 

Pour  l'hydrogene,  la  combinaison  produite  est  de  la  vapeur  d'eau  et 
de  l'azote. 

Enfin  pour  l'oxyde  de  carbone,  les  produits  formes  sont  acide  carbo- 
nique et  azote. 

On  remarquera  que  les  gaz  produits  par  la  combustion  sont  tous  dele- 
teres  et  out  des  actions  tres-toxiques  sur  l'economie  animale. 

Lors  de  rinflammation  d'un  de  ces  gaz  ou  de  plusieurs  gaz  combusti- 
bles meles  ensemble,  la  chaleur  d^veloppee  est  immense,  elle  s'eleve 
entre  2000  el  2800  degres,  et  elle  produit  une  dilatation  de  8  a  10  fois 
le  volume  primitif. 

On  concoit  done  combien  doit  etre  terrible  une  detonation  dans  les 
mines,  puisque  si  les  ouvriers  n'ont  point  ete  atteints  par  la  flamme, 
e'est-a-dire  s'ils  n'ont  point  peri  immediatement  par  l'exces  de  chaleur 
developpee,  ils  se  trouvent  lances  a  de  grandes  distances  dans  les  gale- 
ries  par  le  courant  immense  produit  par  l'augmentation  du  volume  de 
Pair,  puisensuite  ils  sont  tires  avec  force,  en  sens  contraire,  parlecontre- 
courant  qui  se  forme ,  lorsque  l'air  reprend  sa  temperature  normale,  sur 
le  point  ou  1' explosion  s'est  faite. 

Ces  detonations  exposent  done  la  vie  des  malheureux  mineurs ,  mais 
ellesont  encore  beaucoup  d'autres  inconvenients,  en  d^truisant  une  par- 
tie  des  blindages  par  le  choc  qu'elles  produisent,  et  en  occasionnant  des 
eboulements  dans  les  galeries,  de  sorte  que  les  ouvriers  qui  ontpu  echap- 
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per  aux  atteintes  des  flammes  et  du  choc  de  l'air,  se  trouvent  isoles  quel- 
quefois  entre  deux  eboulements  et  ils  sont  souvent  condamnes  a  perir 
par  asphyxie,  malgre  l'activite  qu'ondeploie  pour  les  sortir  de  leur  tom- 
beau. 

Ces  eboulements  et  surtout  les  ebranlements  produits  par  les  detona- 
tions, deviennent  pour  les  proprietaires  de  mines  des  causes  d'enormes 
depenses,  parce  qu'ils  sont  obliges  de  faire  faire  des  travaux  confortatifs 
pour  redonner  aux  galeries  la  solidite  convenable. 

Tous  les  gaz  combustibles  d^gages  dans  les  mines,  a  l'exception  ce- 
pendant  de  l'oxyde  de  carbone,  qui  est  heureusement  peu  abondant,  ne 
sont  point  deleteres  par  eux-memes,  c'est-a-dire  qu'ils  ne  produisent 
point  les  effets  toxiques  des  gaz  plus  lourds  que  l'air;  ils  rendent  l'air 
moins  respirable,  parce  qu'ils  diminuent  la  quantite  d'oxygene,  et  l'effet 
de  leur  melange  dans  l'air  est  k  peu  pres  celui  produit  par  une  diminu- 
tion de  pression  au  fur  et  k  mesure  que  Ton  s'eleve  dans  l'atmosphere. 
Cette  propriete  des  gaz  combustibles  les  rend  plus  dangereux  parce  que 
les  ouvriers  ne  s'apercoivent  point  de  suite  de  leur  presence  dans  les  ga- 
leries, et  s'ils  n'ont  point  le  soin  d'examiner  la  flamme  de  leur  lampe  de 
surete,  qui  s'allonge  au  fur  et  a  mesure  que  l'air  se  sature  de  ces  gaz,  ils 
peuvent  se  trouver  enveloppes,  sans  s'en  douter,  de  melanges  detonants 
qui  peuvent  faire  explosion,  par  une  etincelle  sortant  des  lampes,  ou 
meme  par  le  choc  d'un  outil  d'acier  sur  un  corps  dur  et  siliceux. 

Tous  les  gaz  combustibles,  ainsi  que  nous  venons  de  le  dire,  sont  plus 
legers  que  l'air,  ils  se  logent  naturellement  dans  les  parties  superieures 
des  galeries,  dans  les  joints  des  blindages,  entre  les  chapeaux  des  fermes 
et  principalement  dans  les  poches  ou  anfractuosites  qui  existent  dans  les 
plafonds  superieurs  des  galeries ,  il  est  done  souvent  difficile  de  les 
chasser  de  ces  reduits;  ils  se  trouvent  aussi  dans  les  joints  et  fissures  des 
bancs  de  houille,  avec  de  tres-fortes  pressions  et  lorsque  les  mineurs 
taillent  et  abattent  des  masses  de  houille,  ils  se  degagent  dans  les 
chantiers  en  assez  grande  abondance,  surtout  dans  les  houilles  pulve- 
rulentes  et  dans  celles  qui  ont  de  nombreuses  fissures. 

Tous  les  gaz  qui  se  forment  dans  les  mines,  comme  tous  les  gaz  en 
general,  qu'ils  soient  plus  lourds  ou  moins  lourds  que  l'air,  jouissent 
de  la  propriete  connue  sous  le  nom  de  diffusion,  c'est-a-dire  qu'ils  ont 
une  tendance  a  se  melanger  avec  l'air  ambiant,  lorsque  cet  air  est  agite", 
mais  on  comprend  que  la  diffusion  est  d'autant  plus  active  que  la  densite 
des  gaz  se  rapproche  davantage  de  celle  de  l'air.  Lorsque  le  melange 
est  opere,  il  est  souvent  fort  difficile  de  separer  les  corps  gazeux,  et  ce 
n'est  qu'avec  un  calme  parfait  et  un  temps  assez  long  que  la  separation 
peut  s'operer. 

Cette  propriete  de  la  diffusion  des  gaz,  tout  a  fait  analogue  a  celle  des 
melanges  des  liquides,  est  d'un  grand  avantage  pour  obtenir,  dans  les 
galeries  des  mines,  le  melange  des  gaz  avec  l'air  de  ces  galeries,  parce 
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qu'en  renouvelant  cet  air  on  peut  enlever  aussi  tous  les  gaz  dangereux, 
mais  pour  quelques  gaz,  comme  l'hydrogene  et  l'hydrogene  protocar- 
bone\  dont  les  densites  sont  si  inferieures  a  celles  de  l'air,  la  diffusion 
est  peu  considerable  et  Ton  a  remarque,  dans  un  grand nombre  de  mines 
a  grisou,  que  ledegagement  du  gaz  hydrogene  protocarbone*  (entrant,  on 
le  sait.pour  la  plus  grande  partie  dans  le  grisou),  n'opere  point  sa  diffu- 
sion, ou  l'opere  avec  beaucoup  de  difficulty,  si  le  courant  general  de 
l'air  de  la  galerie  est  contraire  a  celui  que  tend  a  suivre  le  gaz  au  moment 
de  son  d^gagement. 


CALCUL  APPROXIMATIF  DU  VOLUME  D'AIR  A  INTRODUIRE  DANS  UNE  GALERIE 
DE  MINE  ET  DANS  UN  CHANTIER  DE  100  MINEURS. 

Maintenant  que  nous  avons,  d'une  maniere  succincte,  explique  les 
diverses  causes  qui  rendent  l'air  des  galeries  des  mines  de  houille  irres- 
pirable  pour  les  ouvriers ,  dangereux  par  les  explosions  occasionnees 
par  les  gaz  produits,  nous  allons  chercher  quel  est  le  volume  d'air  qu'il 
seraitnecessaire  de  fournir  aux  galeries  et  comment  on  devrait  proceder 
pour  obtenir  la  diffusion  des  gaz  et  accelerer  leur  sortie  de  la  mine.  Ce 
calcul,  comme  nous  l'avons  deja  dit,  ne  peut  etre  que  tres-approximatif, 
parce  qu'il  n'est  point  le  mfimepour  toutes  les  mines;  aussi  nous  croyons 
necessaire,  pour  obtenir  une  aeration  convenable,  d'augmenter  dans 
une  enorme  proportion  la  quantity  d'air  a  fournir,  de  maniere  a  acquerir 
la  certitude  que  cette  masse  d'air  soittoujours  de  beaucoup  superieure  a 
celle  indispensable  pour  obtenir  des  melanges  non  deleteres. 

Nous  prendrons  pour  exemple  une  mine  occupant,  dans  l'un  de  ses 
etages,  un  nombre  de  100  ouvriers. 

Ces  100  ouvriers,  pour  leur  propre  respiration,  exigeront  un  volume 
d'air  de  12  metres  chacun  (ce  chiffre  a  ete  reconnu  indispensable 
pour  des  ouvriers,  parce  qu'ils  ont  besoin  d'une  plus  grande  quantite 
d'air  pendant  le  travail  qu'a  l'^tat  de  repos).  Le  volume  de  l'air  a  renou- 
veler,  pour  la  respiration  des  ouvriers,  est  done  par  heure  de.  .    1 ,200mc 

La  quantite  d'air  vicie  par  les  larapes  est,  d'apres  des  expe- 
riences nombreuses,  de  7  metres  cubes  par  heure,  et  comme  les 
mineurs  ont  chacun  une  lampe,  qu'il  y  a  en  outre  des  lampes 
suspendues  dans  les  galeries,  on  peut  estimer  a  1 20  le  nombre 
des  lampes  allumees,  exigeant  un  volume  d'air  de   840 

Un  atelier  de  mineurs,  de  l'importance  de  celui  que  nous 
consid^rons,  exige  au  moins  6  chevaux  consommant  ou  dete- 
riorant  chacun  de  25  a  30  cubes  d'air  par  heure,  ce  qui  neces- 
sitera  encore  un  cube  de   4^0 

II  faudra  encore,  pour  cet  atelier  de  1 00  hommes,  environ 

A  reporter.  .....  2,220 
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Jieport  2,220 

5  metres  cubes  d'air  par  homrae  et  45  metres  cubes  par  cheval 
pour  enleverlesmiasmes  etles  produits  dela  decomposition  des 
matieres  excrementielles  qui  restent  forcement  dans  la  mine, 
soit  pour  cet  article  un  cube  par  heure  de   590 

2,81 0mc 

Le  volume  d'air  a  renouveler,  pour  les  causes  de  viciation  que  nous 
venons  d'enumerer,  est  done  de  2,810  metres  cubes  par  heure  ou  de 
0m,78  par  seconde.  Dans  ce  cas,  la  quantite  d'acide  carbonique  peut  6tre 
maintenue  entre  2  a  2  1/2  pour  mille,  e'est-a-dire  ne  peut  avoir  d'in- 
fluence  facheuse  sous  le  rapport  hygienique. 

Pour  les  gaz  produits  par  la  mine  elle-meme,  le  volume  varie  beau- 
coup  d'une  mine  a  l'autre,  comme  nous  l'avons  deja  dit;  mais  dansune 
meme  mine  le  volume  est  a  peu  pres  proportionnel  a  la  surface  deve- 
loppee  des  galeries;  aussi  plus  ces  galeries  ont  de  grandes  longueurs  et 
plus  le  volume  de  ces  gaz  estconsiderable.  D'apres  un  tres-grand  nombre 
d' observations  faites  dans  les  mines  de  charbon  a  grisou,  on  a  reconnu 
qu'il  etait  necessaire,  pour  bien  aerer  les  galeries,  que  le  volume  d'air 
introduit  fut  compris  entre  une  fois  le  volume  necessaire  a  la  respiration 
des  ouvriers  et  quatre  fois  ce  meme  volume,  e'est-a-dire  que  suivant  la 
nature  du  combustible  de  la  mine,  il  etait  necessaire  pour  obtenir  l'en- 
trainement  des  gaz  formes  naturellement,  de  donner  de  2,800  a  11,200 
metres  cubes  d'air  pur  par  heure,  soit  de  0m,78  a  3m,12  par  seconde. 

On  peut  done  supposer  que  pour  bien  aerer  un  atelier  de  100  ouvriers 
mineurs,  il  faudra  introduire  et  faire  circuler  danstoutes  les  galeries  de 
1m,60  a  4  metres  cubes  d'air  pur  par  seconde,  et  comme  il  vaut  mieux 
pecher  dans  ce  cas  par  exces  de  prudence,  nous  pensons  que  e'est  ce 
volume  de  4  metres  qu'on  doit  prendre  pour  base. 

Nous  croyons  que  les  calculs  qui  precedent  donnent  un  volume  d'air 
plus  que  suffisant  dans  la  plupart  des  cas ;  mais  dans  des  mines  excep- 
tionnelles  degageant  une  tres-grande  quantite  de  gaz,  on  pourra  aug- 
menter  le  volume.  Nous  ne  prenons  done  ce  volume  d'air  de  4  metres  que 
comme  base  pour  etablir  la  comparaison  entre  les  divers  systemes  de 
ventilation. 

DES  MOYENS  ACTUELLEMENT  EMPLOYES  POUR  LA  VENTILATION  DES 

GALERIES  DE  MINES. 

Pour  aerer  les  galeries  des  mines,  on  emploie  actuellement  un  grand 
nombre  demoyens;  mais  ils  peuventseclasseren  trois  systemes  generaux 
que  nous  allons  decrire  succinctement : 

Le  premier  est  celui  de  la  ventilation  naturelle,  aidee  au  besoin  par 
un  foyer  de  chaleur ; 
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Le  deuxieme,  celui  de  la  ventilation  par  insufflation ; 

Le  troisieme,  celui  de  la  ventilation  par  aspiration. 

Dans  toutes  les  mines,  il  y  a  au  moins  deux  puits  pour  atteindre  les 
couches  de  mineraiaextraire  :  parl'un  de  ces  puits  on  fait  sortir  lespro- 
duits  extraits  et  Ton  introduit  aussi  les  materiaux  necessaires  a  l'exploi- 
tation  de  la  mine,  comme  bois  pour  les  blindages,  etc.  Dans  le  second, 
on  dispose  les  moyens  d'introduction  dans  la  mine  des  ouvriers  et  leur 
sortie,  soit  en  posant  des  6chelles,  des  escaliers,  soit  encore  a  l'aide  de 
procedes  mecaniques,  mus  par  des  chevaux  ou  par  une  machine  a  va- 
peur.  Beaucoup  de  mines  ont  en  outre  d'autres  puits  servant  a  l'epuise- 
ment  des  eaux,  ou  a  l'extraction  des  produits. 

Comme  la  temperature  de  Fair  des  galeries  est  toujours  plus  conside- 
rable que  celle  de  l'air  exterieur,  il  se  forme  un  courant  ascendant  dans 
l'un  des  puits,  courant  qne  Ton  favorise  en  chauffant  l'air  de  ce  puits  : 
l'air  des  galeries  tend  a  se  diriger  naturellement  vers  ce  point  de  sortie, 
il  est  renouvele  par  l'air  qui  s'introduit  par  les  autres  puits  et  Ton  aper- 
coit  un  courant  d'air  dans  les  galeries.  Cette  ventilation  est  peu  active, 
surtout  en  ete,  oil  la  difference  de  temperature  entre  l'air  des  galeries  et 
l'air  exterieur  est  peu  considerable  ;  pour  l'obtenir  energique,  il  faudrait 
chauffer  beaucoup  l'air  du  puits  d'evacuation,  ce  qui  rendrait  son  service 
impossible.  Ce  moyen  de  ventilation  naturelle,  aide  par  la  chaleur,  a  ete 
reconnu  insuffisant  pour  la  plupart  des  mines,  et  il  n'est  employe  seul 
que  dans  un  petit  nombre  de  cas. 

La  ventilation  par  insufflation  se  fait  par  des  ventilateurs  mecaniques, 
a  force  centrifuge  ou  a  helice,  ou  par  des  trompes  lorsqu'on  rencontre 
un  cours  d'eau  pres  de  l'orifice  du  puits.  L'air  est  envoye  par  le  puits 
d'extraction  dans  les  galeries,  il  suit  ces  galeries  pour  arriver  dans  les 
chantiers,  puis  il  ressort  par  le  puits  destine  a  la  rentree  des  ouvriers. 
Comme  on  peut  disposer  d'une  force  assez  considerable  sur  le  point  oil 
est  installe  le  ventilateur,  on  peut,  par  ce  moyen,  envoyer  dans  les  gale- 
ries la  quantite  d'air  necessaire  a  une  bonne  aeration;  car  il  suffit,  pour 
augmenter  la  vitesse  du  courant  dans  les  galeries,  et  par  suite  le  volume 
d'air  insuffle,  d' employer  une  force  plus  considerable  en  imprimant  aux 
ventilateurs  une  vitesse  de  rotation  plus  grande,  ou  bien  encore  en  aug- 
mentant  le  diametre  de  ces  ventilateurs. 

Le  troisieme  moyen  de  ventilation  consiste  a  installer  sur  le  puits  de 
sortie  de  l'air  des  galeries  des  pompes  d'aspiration,  ou  des  ventilateurs 
aspirant  l'air  du  puits.  Dans  ce  cas,  la  depression  produite  dans  le  puits 
attire  l'air  des  galeries,  il  se  forme  un  courant  correspondant  au  degre 
de  depression  produit  dans  le  puits,  et  l'air  des  galeries  renouvele  par  les 
autres  puits  de  la  mine  est  rejete  dans  1' atmosphere. 

Ces  trois  systemes  ont  done  l'avantage  de  renouveler  l'air  des  mines, 
mais  nous  pensons  qu'ils  ne  remplissent  pas  completement  le  but  qu'on 
se  propose,  et  notre  opinion  a  cet  egard  est  malheureusement  confirmee 
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trop  souvent  par  les  catastrophes  f'unestes  qui  arrivent  dans  les  mines 
et  qui  se  terminent  par  taut  de  morts  ou  de  blesses. 

II  ne  suffit  pas,  en  effet,  de  renouveler  l'air  respirable  des  mines;  il 
faut  encore  expulser  des  galeries  les  gaz  deleteres  et  les  gaz  combusti- 
bles qui  produisent  les  detonations,  et  corarae  ces  gaz,  suivant  leur  den- 
site,  se  logent  dans  les  parties  superieures  ou  inferieures  des  galeries,  il 
est  necessaire,  pour  operer  leur  diffusion,  d'avoir  un  courant  tres-actil 
dans  les  galeries,  ce  qui  exigeraitune  massed' air  considerable  et  de  beau- 
coup  superieure  a  celle  necessaire  pour  le  renouvellement  de  l'air.  Les 
galeries  des  mines  ont  des  sections  bien  differentes,  elles  varient  entre 
2m,50  et  7  metres  carres  :  pour  operer  un  renouvellement  complet  de  l'air 
et  pour  donner  4  metres  cubes  par  seconde,  comme  nous  l'avons  indi- 
que  plus  haut,  il  suffit  d'obtenir  une  vitesse  de  1m,60  a  0m,60  par  seconde, 
c'est-a-dire  tres-faible.  Cette  vitesse  est  insuffisante  pour  produire  la  dif- 
fusion de  tous  les  gaz  qui  se  trouvent  dans  les  plafonds  superieurs  et 
inferieurs  des  galeries,  d'autant  plus  qu'ils  sontretenus  en  grande  partie, 
comme  nous  l'avons  deja  dit ,  par  les  saillies  des  bois  formant  les  blin- 
dages. 

II  y  a  encore  une  autre  cause  (etelle  est  majeure)  qui  isole  la  masse  des 
gaz  du  courant  forme  dans  les  galeries.  On  sail,  en  effet,  que  les  galeries 
sui vent  touj ours  l'inclinaison  si  variable  des  couches  a  exploiter,  et  que 
les  directions  de  ces  couches  sont  loin  d'etre  uniformes;  il  en  resulte  que 
le  profil  longitudinal  des  galeries  est  tourmente ,  qu'il  presente  des  par- 
ties concaves  et  des  parties  convexes,  comme  le  represente  la  figure  \  ci- 
jointe.  ( On  a  exagere,  ainsi  que  cela  se  fait  ordinairement,  l'echelle  des 
hauteurs.)  Sur  cette  coupe  d'une  galerie,  nous  avons  indique  la  forme 
probable  du  courant  d'air  par  une  legere  teinte  bleue  :  cette  forme  ne 
peut  guere  varier,  car  l'air,  comme  tous  les  fluides  en  general,  tend  a 
suivre  dans  sa  marciie  une  ligne  droite,  et  ce  n'est  qu'en  rencontrant  un 
obstacle  qu'il  opere  une  deviation  dans  sa  direction.  On  remarquera  dans 
ce  profil  que  sur  certains  points  et  toujours  dans  les  parties  oil  la  gale- 
rie presente  un  soulevement  ou  un  abaissement,  la  colonne  d'air  subit 
une  diminution  de  hauteur  aux  points  EEE,  et  par  suite  surces  points  la 
vitesse  doit  etre  plus  grande  pour  obtenir  le  m6me  debit;  du  reste  cette 
observation  a  eteconstateepar  les  personnes  qui  frequentent  les  galeries  de 
mines  :  elles  ressentent  sur  certains  points  des  courants  qu'elles  n'avaient 
point  remarques  sur  d'autres.  Cela  tient  d'une  part,  comme  nous  venons 
de  le  dire,  a  la  difference  de  hauteur  de  la  colonne  d'air  et  aussi  a  des 
etranglements  des  galeries  qui  sont  loin,  comme  on  le  sait,  de  presenter 
sur  tout  leur  parcours  des  largeurs  uniformes. 

Dans  le  cas  indique*  par  la  figure  1 ,  et  c'est,  je  crois,  le  plus  general,  il 
se  forme  dans  le  plafond  inferieur  des  parties  indiquees  par  les  lettres 
A  et  B  (hach^es  en  noir)  qui  ne  recoivent  point  l'etfet  du  courant,  et 
comme  ces  parties  sont,  par  leur  disposition  meme,  celles  oil  les  gaz  de- 
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leteres,  plus  lourds  que  Pair,  doivent  se  deposer,  il  en  resulte  que  la 
diffusion  n'a  point  lieu  ou  s'opere  avec  beaucoup  de  difficulte  dans  les 
concavites  BB  un  peu  considerables,  tandisque  cette  diffusion peut  s'ob- 
tenir  dans  les  concavites  AA  moins  profondes. 

Le  raerae  phenomene  se  presente  dans  les  parties  superieures  des  ga- 
leries  pour  les  gaz  plus  legers  que  Pair;  il  se  forme  des  espaces  CC  et  DD 
haches  ou  rouge  qui  se  trouvent  en  dehors  du  courant,  ce  qui  empfiche 
la  diffusion  de  ces  gaz  pour  les  concavites  considerables  DD,  tandis  que 
celles  C  C  peuvent  etre  videes  par  le  principe  d'entrainement. 

Ainsi  que  nous  l'avons  deja  dit,  il  y  a  encore  d'autres  causes  qui  em- 
pfichentla  diffusion  de  ces  gaz  :  d'une  part,  ce  sont  leschapeaux  quisou- 
tiennent  les  blindages,  en  formant  entre  eux  des  espaces  a  l'abri  des 
courants,  et  d'autre  part  ce  sont  les  eboulements  assez  nombreux  qui  ont 
lieu  dans  les  plafonds  superieurs  des  galeries.  Ces  eboulements  forment 
des  poclies,  comme  celle  indiquee  en  H  sur  le  protil  n°  1 .  Ces  excava- 
tions se  remplissent  de  gaz,  et  le  courant  d'air  de  la  galerie  est  dans  Pim- 
possibilite  de  les  vider  parce  que  Paction  de  la  diffusion  est  trop  eloi- 
gned. 

Pour  remedier  a  ces  graves  inconvenients ,  on  place  bien  de  distance 
en  distance,  sur  les  points  oil  il  y  a  des  poches,  des  cloisons  mobiles, 
comme  celle  indiquee  par  RS  sur  le  profd  n°  1,  de  maniere  que  le  cou- 
rant d'air  est  oblige  de  lecher  la  partie  superieure  de  la  galerie,  mais  ces 
cloisons  ont  un  grand  nombre  d'inconvenients.  D'abord  elles  gfinent  la 
circulation  dans  les  galeries,  et  par  suite  les  ouvriers  ne  les  placent  que 
lorsqu'ils  ne  peuvent  faire  autrement  et  souvent  lorsque  Pair  superieur 
est  deja  inflammable  ;  puis  elles  genent  beaucoup  la  circulation  de  Pair 
en  lui  presentant  des  obstacles ,  de  sorte  que  la  vitesse  de  cet  air  est  ra- 
lentie  dans  les  galeries. 

II  resulte  de  ces  effets  physiques  que,  sur  certains  points  inferieurs  des 
galeries,  les  gaz  deleteres  ne  sont  point  entraines  et  que  dans  les  plafonds 
superieurs  et  dans  les  poches,  il  reste  encore  une  grande  quantite  de  gaz 
combustibles  qui,  a  un  moment  donne,  par  une  cause  accidentelle  pro- 
duce souvent  par  Pimprudence  proverbiale  des  ouvriers,  font  des  explo- 
sions. 

On  pourrait  bien,  par  une  ventilation  plus  active,  c'est-a-dire  eii  pro- 
duisant  dans  les  galeries  une  vitesse  plus  grande,  augmenter  beaucoup 
la  diffusion  et  operer  le  melange  d'uneplus  grande  quantite  de  gaz  avec 
Pair  des  galeries  ;  mais  dans  ce  cas  il  faudrait  employer  une  force  beau- 
coup plus  grande,  carl'onsait  que  la  force necessaire  est  proportionnelle 
au  carre  des  vitesses.  Je  crois,  en  outre  ,  qu'on  ne  pourrait  arriver  a  un 
melange  complet  des  gaz  combustibles,  parce  qu'ils  ont,  par  leur  den- 
site,  Ires-peu  de  tendance  a  se  mfiler  avec  Pair,  et  puis  aussi  parce  qu'ils 
se  logent  dans  des  cavites  trop  isolees  du  courant. 

Nous  ne  parlerons  point  des  resistances  nombreuses  que  Pair  eprouve 
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pour  circuler  dans  les  galeries  par  suite  des  asperites  des  parois,  des 
etranglements  et  des  coudes  brusques  que  les  galeries  forment  entree!  les, 
et  Ton  sait  combien  ces  coudes  sont  nombreux  dans  une  mine  exploitee 
par  galeries,  presentant  une  tres-grande  longueur  sur  une  petite  surface. 
Aussi,  pour  que  l'aerage  des  galeries  soit  complet,  il  faut  presque  tou- 
jours  avoir  des  portes  pour  ferraer  les  issues  directes  et  pour  forcer  l'air 
de  suivretoutes  les  sinuosites  des  galeries,  soiten  projection  horizontale, 
soit  en  projection  verticale ;  ces  causes  de  diminution  de  la  vitesse  du 
courant  d'air  sont  les  memes  dans  tous  les  cas,  et  doivent  etre  combattues 
par  un  excedant  de  puissance  des  ventilateurs  et ,  par  suite,  par  une 
plus  grande  consommation  de  houille. 

Nous  ferons  seulement  remarquer  que  dans  le  cas  d'accident,  si  des 
eboulements  viennent  a  isoler  les  chantiers  des  puits  d'aerage,  les  ou- 
vriers  sont  livresa  une  mort  certaine  par  asphyxie,  si  l'on  ne  peut  enlever 
rapidement  ces  eboulements  et  penetrer  jusqu'a  eux  avant  qu'ils  aient 
consomme  et  rendu  irrespirable  le  petit  volume  de  l'air  de  leur  prison, 
et  Ton  peut  presque  dire  de  leur  tombeau. 

de  la  ventilation  par  l'air  comprime.  Pour  remedier  aux  inconve- 
nients  que  nous  venons  de  signaler  d'une  maniere  generale  et  pour 
rendre  plus  efficace  et  plus  complete  la  ventilation  des  mines,  nous  avons 
la  conviction  que  l'emploi  du  systeme  de  la  ventilation  par  l'air  corn- 
prime  peut  etre  employe  avec  beaucoup  d'avantage.  Nous  allons  indi- 
quer  les  dispositions  generates  qu'il  conviendrait  d'adopter  pour  l'emploi 
de  ce  systeme,  et  aussi  faire  ressortir  les  avantages  qu'on  pourrait  en 
retirer. 

Deux  puits  d'aerage  sont  necessaires,  comme  dans  les  autres  systemes 
de  ventilation  :  l'un  pour  la  rentree  de  l'air  pur,  1' autre  pour  la  sortie  de 
l'air  vicie  et  des  gaz  qui  se  forment  dans  les  galeries.  Un  tube  en  fer  d'un 
diametre  variable,  selon  l'importance  de  la  mine,  partirait  du  sommet 
du  puits  oil  se  ferait  la  rentree  de  l'air,  descendrait  jusqu'au  niveau  des 
galeries  a  ventiler,  suivrait  le  cours  des  galeries  principales,  irait  jus- 
qu'aux  chantiers  de  travail  des  ouvriers,  puis  il  reviendrait  ensuite  par 
les  galeries  qui  conduisent  au  puits  de  sortie  de  l'air  et  se  terminerait  a 
l'orifice  superieur  de  ce  puits.  Sur  ce  tube  principal viendraient  s'embrarr 
cher  d'autres  tubes,  de  diametres  plus  petits,  qui  suivraient  les  galeries 
secondaires,  de  maniere  que  le  reseau  des  galeries  puisse  recevoir,  sur 
tous  les  points,  un  jet  d'air  comprime. 

A  1'aide  d'une  partie  de  la  force  de  la  machine  a  vapeur  placed  pres  du 
puits  de  rentree  de  l'air  et  d'une  pompe  de  compression,  on  refoulerait 
de  l'air  comprime  dans  toute  la  longueur  de  ces  tubes,  a  une  pression 
qu'on  calculera  suivant  l'importance  de  la  mine,  et  par  suite  suivant  la 
quantity  d'air  comprime  qu'on  devrait  employer  pour  maintenir  a  peu 
pres  constante  la  pression  dans  toute  la  longueur  de  la  conduite. 
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Dans  le  puits  d'entree  de  Pair,  ft  l'aide  d'une  tubulure  sur  le  tube  de 
conduite  de  l'air  comprime,  on  dirigera  un  jot  moteur  dans  le  sens  de  la 
profondeur.  Par  suite  du  principe  d'entrainement,  l'air  exterieur  se  pr£- 
cipitera  dans  le  puits,  et  1'on  obtiendra  ainsi  une  rentrde  d'air  pur  d'un 
volume  determine,  puisque,  ainsi  que  cela  vous  a  cteexplique  par  M.  de 
Mondesir  dans  la  derniere  seance,  il  suffit  de  faire  varier  la  pression  oil 
le  diametre  de  sortie  de  Fair  pour  produire  une  vitesse  determine  sui- 
vant  le  diametre  du  puits. 

Remarquons  tout  d'abord  que  ce  premier  jet  remplace  les  ventilateurs 
mecaniques,  et  que  probablement,  avec  une  force  moindre,  on  obtiendra 
les  m6mes  requitals  qu'avec  les  ventilateurs  les  mieux  etablis. 

Comme  l'air  dans  sa  marche  eprouve  des  resistances  par  le  frottement 
sur  les  parois,  et  que  dans  les  galeries  ces  resistances  sont  fort  grandes 
par  suite  des  asperites,  des  coudes  et  aussi  par  les  objets  encombrants 
dontelles  sont  si  souventembarrassees,  on  peut,  suivantl'etat  de  ces  ga- 
leries, compenser  ces  t'rottementspar  de  petits  jets  supplementaires  d'air 
comprime,  etablis  de  distance  en  distance  et  principalement  sur  les  points 
oil  il  y  a  des  etranglements  dans  les  galeries  et  sur  ceux  ou  ces  galeries 
forment  des  coudes  tres-brusques.  Ces  jets  supplementaires  peuvent 
6tre  considered  comme  des  renforts,  et  Ton  pourra  avec  leur  aide  main- 
tenir  un  vitesse  constante  dans  toute  la  longueur  des  galeries.  Ce  resul- 
tat  immense  ne  peut  6tre  obtenu  par  le  systeme  de  ventilateurs  mecani- 
ques, puisqu'aucune  force  suppl^mentaire,  aucun  renfort,  ne  peut  venir 
compenser  la  perte  de  charge  si  grande  due  aux  frottements. 

L'etablissement  de  ces  jets  supplementaires  sera  facile,  puisqu'il  suf- 
fira  de  poser  des  tubulures  sur  les  tubes  de  conduite  de  l'air  comprime 
pour  en  faire  sortir  un  jet  qu'on  pourra  calculer  suivant  les  besoins,  et 
qui  d'ailleurs  sera  toujours  tres-peu  considerable. 

Un  echappement  d'air  comprime  serait  egalement  etabli  pres  des 
chantiers  d'abattage,  afin  de  maintenir  sur  ce  point  le  courant  d'air  tres- 
actif,  et  aussi  pour  produire  un  melange  complet  de  l'air  entraine  avec 
les  gaz  developpes,  dans  cette  partie,  en  plus  grande  abondance  que  sur 
les  autres. 

Un  ou  plusieurs  jets  supplementaires  d'air  comprime  seraient  aussi 
etablis  dans  la  galeriequi  conduit  au  puits  de  sortie  de  l'air;  enfin  un 
dernier  jet  serait  lance  dans  le  puits  de  sortie  de  l'air  et  dans  le  sens  de 
cette  sortie,  afin  de  faciliter  1' evacuation  de  l'air  des  galeries  et  des  gaz 
qui  se  seront  melanges  avec  lui,  soit  par  le  principe  de  l'entrainement, 
soit  par  celui  de  la  diffusion. 

On  remarquera  que  ce  mode  de  ventilation  se  trouve  completement 
dans  le  m6me  sens  que  la  ventilation  naturelle  produite  par  la  diffe- 
rence des  temperatures  de  l'air  des  galeries  et  de  l'air  exterieur,  et  qu'il 
facilite  cette  ventilation  naturelle  :  on  remarquera  egalement  que  ce  nou- 
veau  systeme  a  les  avantages  du  mode  d'insufflation  etdu  mode  d'aspira- 
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Hon  ;  aussi  nous  avons  la  conviction  qu'il  doit  Uve  tres-energique  et  que 
la  ventilation  doit  fitre  complete. 

Dans  la  description  generale  que  nous  avons  faite  precedemment  des 
systemes  employes  pour  les  galeries  de  mines,  nous  avons  fait  remarquer 
que  les  gaz  deleteres  etles  gaz  combustibles,  suivantleur  densite,  se  lo- 
gent  dans  les  concavites  produites  par  le  profil  des  galeries,  et  dans  les 
poches  formees  soit  par  les  eboulemehts  des  plafonds,  soitpar  les  Vides 
entre  les  bois  des  blindages  ;  et  dans  la  figure  1  j  nous  avons  indique  la 
forme  probable  du  courant  de  ventilation ,  qui  laisse  en  dehors  de  son 
action  les  cavites  B  remplies  de  gaz  deleteres,  et  celles  D  D  contenant  des 
gaz  combustibles  pouvant  produire  des  detonations.  Avec  l'emploi  du 
systeme  que  nous  proposons,  le  melange  des  gaz  de  ces  cavites  avec  l'air 
de  la  galerie  peut  £tre  facilement  opere\  Dans  la  figure  2  nous  avons  pris 
le  meme  profil  que  celui  de  la  figure  4 ,  et  nous  avons  indique  aussi  la 
forme  probable  et  approximative  du  courant  d'air  dans  les  galeries,  lors- 
que  la  ventilation  s'op^rera ,  soit  par  un  sysleme,  soit  par  l'autre.  Dans 
cette  figure  2  nous  avons  trace  en  bleu  le  tube  de  conduite  d'air  corn- 
prime  sur  l'une  des  parois  du  puits  d'aerage  et  dans  le  sol  de  la  galerie, 
pour  qu'il  tie  puisse  g6ner  la  circulation.  Nous  avons  indique,  dans  le 
puits  d'entree  de  l'air,  le  jet  d'air  comprime  moteur  qui  procure  l'en- 
trainement  du  volume  d'air  necessaire  alteration  complete  des  galeries. 
Au  point  m  nous  avons  place  un  jet  supplemental  ou  de  renfort  pris 
par  une  tubulure  n  sur  le  tube  de  conduite  de  l'air  comprime  (ce  jet  a 
pour  but ,  ainsi  que  nous  1' avons  dit,  de  maintenir  la  meme  vitesse  de 
l'air  dans  toute  la  longueur  des  galeries,  c'est-a-dire  qu'il  a  pour  r6sul- 
tat  de  compenser  les  pertes  de  charge  produites  par  les  frottements  de 
l'air  sur  les  parois  des  galeries).  Pour  produire  la  diffusion  ou  l'eritral- 
nement  des  gaz  detonnants  dans  la  concavite"  D,  qui  se  trouve  par  sa 
disposition  en  dehors  du  courant,  noUs  pensons  qu'il  conviendrait  d'e- 
tablir  une  cloison  en  planches,  isolant  coittpletement  cet  espace  D  de  la 
galerie,  et  de  laisser  aux  deux  extremites  des  ouvertures  pour  la  rentree 
de  l'air  ou  la  sortie  des  gaz  ;  on  etablirait  alors  eh  P  une  tubulure  sur  le 
tube  de  conduite  d'air  comprime,  etpar  un  petit  tube  place  le  longd'une 
des  parois  de  la  galerie  on  ferait  une  injection  en  0,  a  l'entree  de  la 
gaihe ;  l'air  de  la  galerie serait  attire  suivant  la  fleche  du  profil :  il  forme- 
rait  un  courant  actif,  entrainerait  tous  les  gaz  et  les  rejetterait  dans  la 
galerie  au  point  R,  dans  le  courant  general,  apres  avoir  ope'r^  la  diffu- 
sion complete  des  gaz  renfermes,  soit  dans  cette  gatne,  soit  dahs  les  po- 
ches du  plafond. 

II  serait  etabli  egalement  dans  les  cavites  inferieures,  comme  on  l'a 
indiqu^  en  B,  des  galnes  et  des  jets  d'air  comprime  0',  pour  entrainerles 
gaz  deleteres  qui  se  deposent  dans  la  partie  inferieure  et  qui  rte  peuvent 
operer  leur  diffusion  dans  l'air  de  la  galerie,  parce  qu'ils  sont  trop  en 
dehors  du  courant  general, 
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Avec  l'adoption  du  systeme  de  ventilation  par  l'air  comprime,  avec  les 
precautions  peu  couteuses  que  nous  venons  d'indiquer ,  avec  la  division 
si  facile  dela  force  motrice  de  l'air  comprint  et  son  emploi  surles  points 
des  galeries  ou  il  serait  necessaire  de  l'employer  on  pourrait  operer 
une  ventilation  complete;  on  pourrait  obtenir  la  diffusion  complete  de 
tous  les  gaz  formes  dans  les  galeries,  et  les  chasser  en  dehors  de  la  mine, 
et,  par  suite,  eviter  tous  les  sinistres  qu'on  a  trop  souvent  a  enregistrer 
dans  les  sombres  annales  des  mines. 

Le  systeme  que  nous  proposons  de  la  ventilation  par  l'air  comprime 
aurait  sans  doute  besoin  de  plus  grands  developpements,  mais  nousn'a- 
vons  point  voulu  fatiguer  trop  longtemps  votre  attention,  et  nous  avons 
cru  devoir  nous  borner  a  une  description  generate  de  notre  systeme , 
pour  en  faire  comprendre  les  avantages. 

Nous  croyons  cependant  utile  de  dire  encore  qu'en  cas  de  catastrophe 
dans  une  mine,  dans  celui  ou  des  eboulements  viendraient  a  se  produire 
dans  les  galeries,  les  ouvriers  qui  se  trouveraient  renfermes  dans  un  es- 
pacepresque  toujours  tres-restreint,  entre  deux  eboulements,  pourraient 
cependant,  par  le  moyen  de  la  conduite  principale  d'air  comprime'  ou 
des  tubes  d'erabranchement  qui  parcourent  toutes  les  galeries,  recevoir 
l'air  necessaire  a  leur  respiration.  Par  ces  conduites  servant  de  tuyaux 
d'acoustique  on  pourrait  communiquer  avec  les  ouvriers,  et  meme  on 
pourrait  leur  transmettre  des  aliments  liquides  confortatifs.  Cet  avantage 
serait  immense,  et  r^uni  a  ceux  que  nous  avons  deja  enumere,  il  donne- 
rait  une  securite  qu'on  ne  rencontre  point  dans  les  autres  systemes  de 
ventilation ;  il  arracherait  a  une  mort  presque  certaine  un  tres-grand  nom- 
bre  d'ouvriers  qui  pe>issent  par  asphyxie,  enfin  il  diminuerait,  dans  une 
notable  proportion,  les  depenses  causdes  aux  proprietaires  des  mines 
dans  le  cas  malheureusement  si  frequent  de  catastrophes. 

La  depense  annuelle,  occasionnee  par  le  systeme  de  ventilation  que 
nous  venons  de  vous  exposer,  pourrait  facilement ,  en  faisant  varier  la 
pression  de  l'air  moteur,  arriver  a  un  taux  inferieur  a  celle  necessaire 
pour  l'emploi  des  ventilateurs  mecaniques.  Dans  tous  les  cas  ,  cette  de- 
pense ne  serapas  superieure  :  il  resterait  done  seulement  la  defense  pre- 
miere de  l'installation,  qui  ne  serait  point  tres-grande,  puisqu'elle  se 
bornerait,  commenous  1' avons  dit,  a  la  pose  d'une  conduite  et  d'embran- 
chements  dans  les  galeries,  pour  l'air  comprime  moteur.  Cette  premiere 
depense  une  foisfaite,  et  elle  serait  peu  e^evee,  les  avantages  qu'on  pour- 
rait en  retirer  nous  paraissenttellement  nombreux,  que  les  proprietaires 
des  mines  nedevraientpoint,  a  notre  avis,  hesiter  unseul  moment  al'effec- 
tuer,  parce  qu'ils  retrouveraient  une  valeur  bien  plus  grande,  en  £vitant 
les  accidents  et  leurs  terribles  consequences,  et  en  rendant  plus  commode 
l'exploitation  de  leurs  mines. 

Pour  produire  un  cube  d'air  de  4  metres  cubes  dans  les  galeries  par 
seconde,  chiffre  que  nous  avons  determine  plushaut,  et  pour  l'introduiro 
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par  le  puits  que  nous  supposerons  de  4  metres  carres,  c'est-a-dire  d'un 
diametre  de  2m,25 ,  en  employant  de  l'air  comprime  aune  atmosphere,  il 
faudrait  un  jet  moteur  de  0m,0055,  suivant  la  formule  que  M.  de  Monde- 
sir  vous  a  fait  connaltre  dans  son  expose  de  la  theorie  de  la  ventilation 
par  Fair  comprime  : 

u  =  404  ^  s/JT 

Dans  ce  cas  la  vitesse  u  est  de  1m,00  par  seconde. 

Ce  jet  de  0m,0055  de  diametre,  en  supposant  286  metres  par  seconde 
pour  la  vitesse  d'echappement  de  l'air  aune  atmosphere,  exigeraun  cube 
d'air  comprime  de  6  litres,  89  par  seconde  ou  24  metres  cubes  par  heure, 
correspondant  a  une  force  d'un  cheval  3/4  vapeur  ou  a  4\37  de  charbon 
par  heure. 

Avec  cette  force  minime  on  est  assure  de  la  rentree  de  4  metres  cubes 
d'air  dans  les  galeries  de  la  mine  :  si  Ton  ajoute  une  force  double,  pour 
les  relais  ou  renforts  qui  seraient  etablis  dans  les  galeries,  pour  com- 
penser  la  perte  de  charge  due  aux  frottements  et  pour  les  jets  supplemen- 
taires  qu'il  faudrait  etablir  pour  operer  la  diffusion  des  gaz  etleur  entrai- 
nement,  on  voit  qu'avec  une  force  motrice  de  5  a  6  chevaux-vapeur, 
c'est-a-dire  avec  une  consommation  de  42\50  a  15  kilog.  de  charbon 
par  heure,  on  pourrait  etablir  la  ventilation  complete  des  galeries. 

M.  de  Mondesir  vousaexplique,  lorsqu'il  vous  a  parle  des  experiences 
faites  au Champ  de  Mars,  sous  la  direction  de  M.  Tresca,  qu'onavait  obtenu 
une  rentree  d'air  dans  les  galeries  de  43  a  4  4,000  metres  cubes  a  la  vi- 
tesse d'un  metre,  par  force  de  cheval-vapeur  et  par  heure,  soit  environ 
4  metres  par  seconde.  En  supposant  que  pour  compenser  les  frottements 
de  l'air  dans  les  galeries  on  soit  oblige  de  quintupler  cette  force,  on  voit 
que  Ton  arriverait  a  peu  pres  au  resultat  que  nous  vous  avons  signale 
plushaut,  et  qu'avec  une  force  de  cinq  a  six  chevaux-vapeur  on  pourrait 
ventiler  de  la  maniere  la  plus  effective  possible  les  galeries  d'une  mine1; 
que,  par  ce  moyen,  on  pourrait  donner  aux  ouvriers  tout  l'air  necessaire 
pour  leur  respiration,  mais  encore,  on  produirait  la  diffusion  et  I'en- 
trainement  de  tous  les  gaz  deleteres  ou  combustibles,  et  que,  par  suite, 
on  ^viterait  tous  les  inconvenients  des  travaux  souterrains,  et  surtout 
ceux  qui  r^sultent  des  inflammations  des  gaz  combustibles. 

Dans  presque  toutes  les  mines  de  houille,  il  y  a  plusieurs  bancs  a  ex- 

1 .  Comme  dans  lea  mines  de  houille  le  prix  du  charbon,  au  carreau  de  la  mine,  ne  du- 
passe  guere  1  fr.  20  c.  p.  100  kll.,  la  ddpense  du  combustible  du  moleur  ne  serait  que  de 
18  centimes  par  heure  ou  de  4  fr.  30  c.  par  24  heurcs.  Pour  les  aulres  frais,  c'est-a-dire 
pour  le  salaire  des  mdcaniciens,  chauffeurs,  etc.,  ils  sont  compris  dans  la  ddpense  relative 
a  la  remonte  des  prodults  de  la  mine,  et  il  n'y  a  point  lieu  de  les  compter  dans  la  ddpense 
de  ventilation. 
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ploiter,  placees  -h.  des  niveaux  diijerents,  et  par  suite  plusieurs  etages  de 
galeries;  on  comprend  que  dans  ce  cas,  presque  general,  il  faudrail 
etablir  un  systeme  de  conduite  d'air  comprime  pour  chacun  des  etages, 
pour  s'en  servir  commenous  l'avons  explique  precedenament.  l\  faudrait 
alors  donner  a  la  conduite  maitresse  dans  le  puits  d'introduction  de  l'air 
un  diametre  plus  grand  et  en  rapport  avec  la  depense  calculee  de  l'air 
coraprime  dans  les  ditferents  etages  de  galeries.  On  donnerait  aussi  un 
diametre  plus  grand  au  premier  jet  moteur,  afin  de  faire  entrer  dans  le 
puits  d'aerage  le  volume  d'air  necessaire  a  tous  les  etages  des  galeries. 


PAD  IS.  tt 


JMPRIMl'.RIE  P.-A.  BODRD1ER  ET  C**,  ROE  DES  POITEVINS,  C. 
Imprimeurs  dela  Societ*  des  Ingenieuri  citilf. 


A 


